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Description 

The most widely used microbial pesticides are derived from the bacterium Bacillus thuringiensis . This 
bacterial agent is used to control a wide range of leaf-eating caterpillars, Japanese beetles and mosquitos. 

5 Bacillus thuringiensis produces a proteinaceous paraspore or crystal which is toxic upon ingestion by a 
susceptible insect host. For example, B. thuringiensis var. kurstaki HD-1 produces a crystal called a delta 
toxin which is toxic to the larvae of a number of lepidopteran insects. The cloning and expression of this B.t. 
crystal protein gene in Escherichia coli has been described in the published literature (Schnepf, H.E. and 
Whiteley, H.R. [1981] Proc. Natl. Acad. Sci. USA 78:2893-2897) . U.S. Patent 4,448,885 and U.S. Patent 

10 4,467,036 both disclose the expression of B.t. crystal protein in E. coli. In U.S. 4,467,036 B. thuringiensis 
var. kurstaki HD-1 is disclosed as being available from the well-known" NRRL culture repository at Peoria, 
Illinois. Its accession number there is NRRL B-3792. B. thuringiensis var. kurstaki HD-73 is also available 
from NRRL. Its accession number is NRRL B-4488. 

75 Brief Summary of the Invention 



The subject invention concerns a novel process for altering the insect host rang of Bacillus thuringiensis 
toxins, and novel toxins produced as exemplification of this useful process. This alteration can result in 
expansion of the insect host range of the toxin, and/or, amplification of host toxicity. The process comprises 

20 recombining in vitro the variable region(s) of two or more 5-endotoxin genes. Specifically exemplified is the 
recombining of portions of two Bacillus thuringiensis var. kurstaki DNA sequences, i.e., referred to herein as 
k-1 and k-73, to produce chimeric B. tt toxins with expanded host ranges as compared to the toxins 
produced by the parent DNA's. ~~ 

"Variable regions," as used herein, refers to the non-homologous regions of two or more DNA 

25 sequences. As shown by the examples presented herein, the recombining of such variable regions from two 
different B. t. DNA sequences yields, unexpectedly, a DNA sequence encoding a 5-endotoxin with an 
expanded insect host range. In a related example, the recombining of two variable regions of two different 
B. t. toxin genes results in the creation of a chimeric toxin molecule with increased toxicity toward the target 
insect. The utility of this discovery by the inventors is clearly broader than the examples disclosed herein. 

30 From this discovery, it can be expected that a large number of new and useful toxins will be produced. 
Thus, though the subject process is exemplified by construction of chimeric toxin-producing DNA se- 
quences from two well-known B. t. kurstaki DNA sequences, it should be understood that the process is not 
limited to these starting DNA sequences. The invention process also can be used to construct chimeric 
toxins from any B . thuringiensis toxin-producing DNA sequence. 

35 

Materials and Methods 



Upon recombining in vitro the variable region(s) of two or more 5-endotoxingenes, gene(s) is/are 
obtained, which encode chimeric toxin (s) having expanded and/or amplified host toxicity as compared to the 
40 toxin produced by the starting genes. This recombination is done using standard well-known genetic 
engineering techniques. 

The restriction enzymes disclosed herein can be purchased from Bethesda Research Laboratories, 
Gaithersburg, MD, USA, or New England Biolabs, Beverly, MA, USA. The enzymes are used according to 
the instructions provided by the supplier. 

45 The various methods employed in the preparation of the plasmids and transformation of host organisms 
are well-known in the art. These procedures are all described by Maniatis et a! (1982) Molecular Cloning: A 
Laboratory Manual , Cold Spring Harbor Laboratory, New York, USA. Thus : it is within the skill of those in 
the genetic engineering art to extract DNA from microbial cells, perform restriction enzyme digestions, 
electrophorese DNA fragments, tail and anneal plasmid and insert DNA, ligate DNA, transform ceils, prepare 

so plasmid DNA, electrophorese proteins, and sequence DNA. 

The four plasmids are shown schematically in the accompanying Figures 1 to 4. pEW2 and pEW3, 
having the respective accession number NRRL B-18033 and NRRL B-18034, were deposited on 29th 
November 1985. pEW1 and pEW4, having the respective accession numbers NRRL B-18134 and NRRL B- 
18135, were deposited on 13th November 1986. Further, B. thuringiensis strain MTX-36, NRRL B-18101, 

55 was deposited on 25th August 1986. ~~ 

Plasmid pBR322 is a well-known and available plasmid. ft is maintained in the E coli host ATCC 37017. 
Purified pBR322 DNA can be obtained as described by Bolivar et al (1977) Gene 2T9&T33, and by Sutcliffe 
(1 978) Nucleic Acids Res. 5:2721 -2728. 
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As disclosed above, any B. thuringiensis toxin-producing DNA sequence can be used as starting 

material lor the subject invention. Examples of B. thuringiensis organisms, other than those previously 

given, are as follows: ~~ 

Bacillus thuringiensis var. israelensis -ATCC 35646 
5 Bacillus thuringiensis M-7-NRRL B-15939 

Bacillus thuringiensis var. tenebrionis--DSM 2803 

The following B. thuringiensis cultures are available from the United States Department of Agriculture 

(USDA) at Brownsville, Texas. Requests should be made to Joe Garcia, USDA, ARS, Cotton Insects 

Research Unit, P.O. Box 1033, Brownsville, Texas 78520 USA. 
to B. thuringiensis HD2 

B. thuringiensli var. finitimus HD3 

B. thuringiensis var. alesti HD4 

B. thuringiensis var. kurstaki HD73 

B. thuringiensis var. sotto HD770 
75 B. thuringiensis var. dendrolimus HD5 

B. thuringiensis var. kenyae HD7 

B. thuringiensis var. galleriae HD29 

B. thuringiensis var. canadensis HD224 

B. thuringiensis var. entomocidus HD9 
20 B. thuringiensis var. subtoxicus HD109 

B. thuringiensis var. aizawai HD1 1 

B. thuringiensis var. morrisoni HD12 

B. thuringiensis var. ostriniae HD501 

B. thuringiensis var. tolworthi HD537 
25 B. thuringiensis var. darmstadiensis HD146 

B. thuringiensis var. toumanoffl HD201 

B. thuringiensis var. kyushuensis HD541 

B. thuringiensis var. thompsoni HD542 

B. thuringiensis var. Pakistani HD395 
30 B. thuringiensli var. israelensis HD567 

B. thuringiensli var. indiana HD521 

B. thuringiensis var. dakota 

B. thuringiensis var. tohokuensis HD866 

B. thuringiensis var. kumanotoensis HD867 
05 B. thuringiensis var. tochigiensis HD868 

B. thuringiensis var. colrneri HD847 

B. thuringiensis var. wuhanensis HD525 

Though the main thrust of the subject invention is directed toward a process for altering the host range 

of B. thuringiensis toxins, the process is also applicable in the same sense to other Bacillus toxin-producing 
40 microbes. Examples of such Bacillus organisms which can be used as starting material are as follows: 

Bacillus cereus -ATCC 21281 

Bacillus moritai -ATCC 21282 

Bacillus popilliae -ATCC 14706 

Bacillus lentimorbus -ATCC 14707 
45 Bacillus sphaericus-ATCC 33203 

Bacillus thuringiensis M-7, exemplified herein, is a Bacillus thuringiensis isolate which, surprisingly, has 

activity against beetles of the order Coleoptera but not against Trichoplusia ni : Spodoptera exigua or Aedes 

aegypti . Included in the Coleoptera are various Diabrotica species (family Chrysomelidae) that are responsi- 

ble for large agricultural losses, for example, D. undecim punctata (western spotted cucumber beetle), D. 
so longicornis (northern corn rootworm), D. virgitera (western corn rootworrn), and D. undecimpunctata howardi 

(southern corn rootworm). 

B. thuringiensis M-7 is unusual in having a unique parasporal body (crystal) which under phase contrast 
microscopy is dark in appearance with a flat, square configuration. 

The pesticide encoded by the DNA sequence used as starting material for the invention process can be 
55 any toxin produced by a microbe. For example, it can be a polypeptide which has toxic activity toward a 
eukaryotic multicellular pest, such as insects, e.g. : coleoptera, iepidoptera, diptera, hemiptera, dermaptera, 
and orthoptera; or arachnids; gastropods; or worms, such as nematodes and platyhelminths. Various 
susceptible insects include beetles, moths, flies, grasshoppers, lice, and earwigs. 
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Further, it can be a polypeptide produced in active form or a precursor or proform requiring further 
processing for toxin activity, e.g., the novel crystal toxin of B. thuringiensis var. kurstaki, which requires 
processing by the pest. 

The constructs produced by the process of the invention, containing chimeric toxin-producing DNA 

5 sequences, can be transformed into suitable hosts by using standard procedures. Illustrative host cells may 
include either prokaryotes or eukaryotes, normally being limited to those cells which do not produce 
substances toxic to higher organisms, such as mammals. However, organisms which produce substances 
toxic to higher organisms could be used, where the toxin is unstable or the level of application sufficiently 
low as to avoid any possibility of toxicity to. a mammalian host. As hosts, of particular interest will be the 

70 prokaryotes and lower eukaryotes, such as fungi. Illustrative prokaryotes, both Gram-negative and -positive, 
include Enterobacteriaceae, such as Escherichia, Erwinia, Shigella, Salmonella, and Proteus; Bacillaceae; 
Rhlzobiaceae, such as Rhizobium; Spirillaceae, such as photobacterium Zymomonas, Serratia, Aeromonas, 
Vibrio, Desulfovibrio, Spirillum; Lactobacillaceae; Pseudomonadaceae, such as Pseudomonas and Aceto- 
bacter; Azotobacteraceae and Nitrobacteriaceae. Among eukaryotes are fungi, such as Phycomycetes and 

75 Ascomycetes, which includes yeast, such as Saccharomyces and Schizosaccharomyces; and 
Basidiomycetes yeast, such as Rhodotorula, Aureobasidium, Sporobolomyces, and the like. 

Characteristics of particular interest in selecting a host cell for purposes of production include ease of 
. introducing the chimeric toxin-producing gene into the host, availability of expression systems, efficiency of 
expression, stability of the pesticide in the host, and the presence of auxiliary genetic capabilities. 

20 Characteristics of interest for use as a pesticide microcapsule include protective qualities for the pesticide, 
such as thick cell walls, pigmentation, and intracellular packaging or formation of inclusion bodies; leaf 
affinity; lack of mammalian toxicity; attractiveness to pests for ingestion ; ease of killing and fixing without 
damage to the toxin; and the like. Other considerations include ease of formulation and handling, 
economics, storage stability, and the like. 

25 Host organisms of particular interest include yeast, such as Rhodotorula sp., Aureobasidium sp., 
Saccharomyces sp., and Sporobolomyces sp.; phylloplane organisms such Pseudomonas sp., Erwinia sp. 
and Flavobacterium sp.; or such other organisms as Escherichia, Lactobacillus sp., Bacillus sp., and the 
like. Specific organisms include Pseudomonas aeruginosa, Pseudomonas fluorescens, Saccharomyces 
cerevisiae , Bacillus thuringiensis , Escherichia coli, Bacillus subtilis, and the like! 

30 The chimeric toxin-producing gene(s) can~be introduced into the host in any convenient manner, either 
providing for extrachromosomal maintenance or integration into the host genome. 

Various constructs may be used, which include replication systems from plasmids, viruses, or cen- 
tromeres in combination with an autonomous replicating segment (ars) for stable maintenance. Where only 
integration is desired, constructs can be used which may provide for replication, and are either transposons 

35 or have transposon-like insertion activity or provide for homology with the genome of the host. DNA 
sequences can be employed having the chimeric toxin-producing gene between sequences which are 
homologous with sequences in the genome of the host, either chromosomal or plasmid. Desirably, in the 
chimeric toxin-producing gene (s) will be present in multiple copies. See for example, U.S. Patent No. 
4,399,216. Thus, conjugation, transduction, transfection and transformation may be employed for introduc- 

40 tion of the gene. 

A large number of vectors are presently available which depend upon eukaryotic and prokaryotic 
replication systems, such as ColEt, P-1 incompatibility plasmids, e.g., pRK290, yeast 2m u plasmid, 
lambda, and the like. 

Where an extrachromosomal element is employed, the DNA construct will desirably include a marker 
45 which allows for a selection of those host cells containing the construct. The marker is commonly one which 
provides for biocide resistance, e.g., antibiotic resistance or heavy metal resistance, complementation 
providing prototrophy to an auxotrophic host, or the like. The replication systems can provide special 
properties, such as runaway replication, can involve cos cells, or other special feature. 

Where the chimeric toxin-producing gene(s) has transcriptional and translation^ initiation and termina- 
50 tion regulatory signals recognized by the host cell, it will frequently be satisfactory to employ those 
regulatory features in conjunction with the gene. However, in those situations where the chimeric toxin- 
producing gene is modified, as for example, removing a leader sequence or providing a sequence which 
codes for the mature form of the pesticide, where the entire gene encodes for a precursor, it will frequently 
be necessary to manipulate the DNA sequence, so that a transcriptional initiation regulatory sequence may 
55 be provided which is different from the natural one. 

A wide variety of transcriptional initiation sequences exist for a wide variety of hosts. The sequence can 
provide for constitutive expression of the pesticide or regulated expression, where the regulation may be 
inducible by a chemical, e.g., a metabolite, by temperature, or by a regulatable repressor. See for example, 
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U.S. Patent No. 4,374,927. The particular choice of the promoter will depend on a number of factors, the 
strength of the promoter, the interference of the promoter with the viability of the cells, the effect of 
regulatory mechanisms endogenous to the cell on the promoter, and the like. A larger number of promoters 
are available from a variety of sources, including commercial sources. 

5 The cellular host containing the chimeric toxinproducing pesticidal gene may be grown in any 
convenient nutrient medium, where the DNA construct provides a selective advantage, providing for a 
selective medium so that substantially all or all of the cells retain the chimeric toxin-producing gene. These 
cells may then be harvested in accordance with conventional ways and modified in the various manners 
described above. Alternatively, the cells can be fixed prior to harvesting. 

70 Host cells transformed to contain chimeric toxin-producing DNA sequences can be treated to prolong 
pesticidal activity when the cells are applied to the environment of a target pest. This treatment can involve 
the killing of the host cells under protease deactivating or cell wall strengthening conditions, while retaining 
pesticidal activity. 

The ceils may be inhibited from proliferation in a variety of ways, so long as the technique does not 

75 deleteriously affect the properties of the pesticide, nor diminish the cellular capability in protecting the 
pesticide. The techniques may involve physical treatment, chemical treatment, changing the physical 
character of the cell or leaving the physical character of the cell substantially intact, or the like. 

Various techniques for inactivating the host cells include heat, usually 50 *C to 70'C; freezing; UV 
irradiation; lyophilization; toxins, e.g., antibiotics; phenols; anilides, e.g., carbanilide and salicylanilide; 

20 hydroxyurea; quaternaries; alcohols; antibacterial dyes; EDTA and amidines; non-specific organic and 
inorganic chemicals, such as halogenating agents, e.g., chlorinating, brominating or iodinating agents; 
aldehydes, e.g., glutaraldehyde or formaldehyde; toxic gases, such as ozone and ethylene oxide; peroxide; 
psoralens; desiccating agents; or the like, which may be used individually or in combination. The choice of 
agent will depend upon the particular pesticide, the nature of the host cell, the nature of the modification of 

25 the cellular structure, such as fixing and preserving the cell wail with crosslinking agents, or the like. 

The cells generally will have enhanced structural stability which will enhance resistance to environmen- 
tal degradation in the field. Where the pesticide is in a proform, the method of inactivation should be 
selected so as not to inhibit processing of the proform to the mature form of the pesticide by the target pest 
pathogen. For example, formaldehyde will crosslink proteins and could inhibit processing of the proform of 

30 a polypeptide pesticide. The method of inactivation or killing retains at least a substantial portion of the 
bioavailability or bioactivity of the toxin. 

The method of treating the organism can fulfill a number of functions. First, it may enhance structural 
integrity. Second, it may provide for enhanced proteolytic stability of the toxin, by modifying the toxin so as 
to reduce its susceptibility to proteolytic degradation and/or by reducing the proteolytic activity of proteases 

35 naturally present in the cell. The cells are preferably modified at an intact stage and when there has been a 
substantial build-up of the toxin protein. These modifications can be achieved in a variety of ways, such as 
by using chemical reagents having a broad spectrum of chemical reactivity. The intact cells can be 
combined with a liquid reagent medium containing the chemical reagents : with or without agitation at 
temperatures in the range of about -10 to 60° C. The reaction time may be determined empirically and will 

40 vary widely with the reagents and reaction conditions. Ceil concentrations will vary from about 10E2 to 
10E10 per ml. 

Of particular interest as chemical reagents are halogenating agents, particularly halogens of atomic no. 
17-80. More particularly, iodine can be used under mild conditions and for sufficient time to achieve the 
desired results. Other suitable techniques include treatment with aldehydes, such as formaldehyde and 

4S glutaraldehyde; anti-infectives, such as zephiran chloride and cetylpyridinium chloride; alcohols, such as 
isopropyl and ethanol; various histologic fixatives, such as Bouin's fixative and Helly's fixative (See: 
Humason, Gretchen L, Animal Tissue Techniques, W.H. Freeman and Company, 1967); or a combination of 
physical (heat) and chemical agents that prolong the activity of the toxin produced in the cell when the cell 
is applied to the environment of the target pest(s). 

so For halogenation with iodine, temperatures will generally range from about 0 to 50 *C, but the reaction 
can be conveniently carried out at room temperature. Conveniently, the iodination may be performed using 
triiodide or iodine at 0.5 to 5% in an acidic aqueous medium, particularly an aqueous carboxylic acid 
solution that may vary from about 0.5-5M. Conveniently, acetic acid may be used, although other carboxylic 
acids, generally of from about 1 to 4 carbon atoms, may also be employed. The time for the reaction will 

55 generally range from less than a minute to about 24 hrs. usually from about 1 to 6 hrs. Any residual iodine 
may be removed by reaction with a reducing agent, such as dithionite, sodium thiosulfate, or other reducing 
agent compatible with ultimate usage in the field. In addition, the modified cells may be subjected to further 
treatment, such as washing to remove all of the reaction medium, isolation in dry form, and formulation with 
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typical stickers, spreaders, and adjuvants generally utilized in agricultural applications, as is well known to 
those skilled in the art. 

Of particular interest are reagents capable of crossl inking the cell wall. A number of reagents are known 
in the art for this purpose. The treatment should result in enhanced stability of the pesticide. That is, there 

5 should be enhanced persistence or residual activity of the pesticide under field conditions. Thus, under 
conditions where the pesticidal activity of untreated cells diminishes, the activity of treated cells remains for 
periods of from 1 to 3 times longer. 

The cells can be formulated for use in the environment in a variety of ways. They can be employed as 
wettable powders, granules, or dusts, by mixing with various inert materials, such as inorganic minerals 

io (phyllosilicates, carbonates, sulfates, or phosphates) or botanical materials (powdered corncobs, rice hulls, 
or walnut shells). The formulations can include spreader/sticker adjuvants, stabilizing agents, other pesticidal 
additives, or surfactants. Liquid formulations can be aqueous-based or non-aqueous and employed as 
foams, gels, suspensions, emulsifiable concentrates, and the like. The ingredients can include rheological 
agents, surfactants, emuisifiers, dispersants, polymers, and the like. 

75 The pesticidal concentration will vary depending upon the nature of the particular formulation, e.g., 
whether it is a concentrate or to be used undiluted. The pesticide will generally be present at a 
concentration of at least about 1% by weight, but can be up to 100% by weight. The dry formulations will 
have from about 1 to 95% by weight of the pesticide, while the liquid formulations will generally be from 
about 1 to 60% by weight of the solids in the liquid phase. The formulations will generally have from about 

20 1E2to 1E8cells/mg. 

The formulations can be applied to the environment of the pest(s), e.g., plants, soil or water, by 
spraying, dusting, sprinkling, or the like. These formulations can be administered at at least 50 g (liquid or 
dry), e.g. up to 1 kg, per hectare, as required. 

Following are examples which illustrate procedures, for practising the invention. These examples should 
25 not be construed as limiting. All percentages are by weight and all solvent mixture proportions are by 
volume unless otherwise noted. 

Example 1 -Construction of plasmid pEW1 

30 The k-1 gene is the hd-1 gene described by Schnepf et al. (J. Biol. Chem. 260:6264-6272 1985). The k- 
1 gene was resected from the 5' end with Bal3l up to position 504. To this position was added a Sail linker 
(5GTCGACC3'). The 3* end ol Die gene ^vas cleaved at position 421 1 with the enzyme Ndel and blunt 
ended with the Klenow fragment of DNA polymerase. 

The cloning vector pUC8 (Messing, J. and Vieira, J. [1982] Gene 19:269-276) which can be purchased 

35 from Pharmacia, Piscataway, NJ, was cleaved with Sail and EcoR! and cloned into plasmid pBR322 which 
had been cut with the same enzymes. The trp promoter (Genblock, available from Pharmacia) was blunt 
ended at the 5' end with Klenow and inserted into this hybrid vector by blunt end ligation of the 5' end to 
the Smal site of the vector, and by insertion of the 3' end at the Sail site of the vector. The k-1 gene was 
then inserted using the Sail site at the 5' end any by blunt end ligation of the 3' end to the Pvull site of the 

40 vector. A schematic drawing of this construct, called pEW1, is shown in Fig. 1 of the drawings. 
Plasmid pEWI contains the DNA sequence encoding Bacillus thuringiensis toxin k-1. 



Example 2--Construction of plasmid pEW2 

45 The k-73 gene is the HD-73 gene described by Adang et al. (Gene 36:289-300 1985). The k-73 gene 
was cleaved at position 176 with Nsil. The sequence was then cleaved at position 3212 with Hindlll and the 
3036 base fragment consisting of "residues 1 76-321 2 was isolated by agarose gel electrophoresis. 

Plas mid pEW1, prepared as described in Example 1, was also cleaved with Hindlll (position 3345 in 
Table 1) and partially digested with Nsil (position 556 in Table 1). The 3036 baii~ fragment from k-73, 

so disclosed above, was inserted into the~Nsil to Hindlll region of pEW1 replacing the comparable fragment of 
the k-1 gene, and creating plasmid pEW2. A~schematic diagram of pEW2 is shown in Fig. 2 of the 
drawings. 

Plasmid pEW2 contains the DNA sequence encoding Bacillus thuringiensis toxin k-73. 

55 Example 3--Construction of plasmid pEW3 

The k-1 gene was cut with Sacl at position 1 873. The gene was then submitted to partial digestion with 
Hindlll and the 1427 base fragment consisting of residues 1873 to 3345 was isolated by agarose gel 
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electrophoresis. Plasmid pEW2 was cut with Sacl and Hindlll and the large fragment representing the entire 
plasmid minus the Sacl to Hindlll fragment of the k-2~gene was isolated by agarose gel electrophoresis. 
The 1427 base fragment from the k-1 gene was then ligated into the Sacl to Hindlll region of pEW2, 
creating plasmid pEW3. A schematic diagram of pEW3 is shown in Fig. 3 oftFe drawings. 
5 Plasmid pEW3 contains the DNA sequence encoding Bacillus thuringiensis chimeric toxin k-73/k-1 
(PHY). 

The nucleotide sequence encoding the chimeric toxin is shown in Table 1. The deduced amino acid 
sequence is shown in Table 1A. 

10 Example 4--Construction of plasmid pEW4 

The k-1 gene was cut at position 556 with Nsil. The gene was then cut with Sac l at position 1873 and 
the 1317 base fragment from Nsil to Sacl was isolated by agarose gel electrophoresis. Plasmid pEW2 was 
cut with Sacl and then submitted to partial digestion with Nsil. The large fragment representing the entire 

75 plasmid, minus the Nsil to Sacl region of the k-73 gene, was isolated by agarose gel electrophoresis. The 
1317 base Nsil to Sacl fragment of gene k-1 was then ligated into Nsil to Sacl region of pEW2 to create 
plasmid pEW4. A schematic diagram of pEW4 is shown in Fig. 4 of the drawings. 

The nucleotide sequence encoding the chimeric toxin is shown in Table 2. The deduced amino acid 
sequence is shown in Table 2A. 

20 Plasmid pEW4 contains the DNA sequence encoding Bacillus thuringiensis chimeric toxin k-1/k-73 
(PYH). 

Example 5- Insertion of Chimeric Toxin Genes Into Plants 



25 Genes coding for chimeric insecticidal toxins, as disclosed herein, can be inserted into plant cells using 
the Ti plasmid from Agrobacter tumefaciens. Plant cells can then be caused to regenerate into plants 
(Zambryski, P., Joos, H., Gentello, C, Leemans, J., Van Montague, M. and Schell, J. [1983] EMBO J. 
2:2143-2150; Bartok, K., Binns, A., Matzke, A. and Chilton, M-D. [1983] Cell 32:1033-1043), A particularly 
useful vector in this regard is pEND4K (Klee, H.J., Yanofsky, M.F. and Nester, E.W. [1985] Bio/Technology 

30 3:637-642). This plasmid can replicate both in plant cells and in bacteria and has multiple cloning sites for 
passenger genes. Toxin genes, for example, can be inserted into the Bam HI site of pEND4K, propagated in 
E. coli, and transformed into appropriate plant cells. 

Example 6-- Cloning of B. thuringiensis genes into baculovi ruses 

35 

Genes coding for Bacillus thuringiensis chimeric toxins, as disclosed herein, can be cloned into 
baculoviruses such as Autographa californica nuclear polyhedrosis virus (AcNPV). Plasmids can be 
constructed that contain the AcNPV genome cloned into a commercial cloning vector such as pUC8. The 
AcNPV genome is modified so that the coding region of the polyhedrin gene is removed and a unique 

40 cloning site for a passenger gene is placed directly behind the polyhedrin promoter. Examples of such 
vectors are pGP-B6874, described by Pennock et al. (Pennock, G.D., Shoemaker, C. and Miller, L.K. [1984] 
Mol. Cell. Biol. 4:399-406), and pAC380, described by Smith et al. (Smith, G.E. , Summers, M.D. and 
Fraser, M.J. [1983] Mol. Cell. Biol. 3:2156-2165). The genes coding for k-1, k-73, k-73/k-1, k-1/k-73, or other 
B.t. genes can be modified with BaMHI linkers at appropriate regions both upstream and downstream from 

4s the coding regions and inserted into the passenger site of one of the AcNPV vectors. 

Example 7--Chimeric Toxin Denoted ACB-1 

Enhanced toxicity against all three insects tested was shown by a toxin denoted ACB-1 . The toxin ACB- 
so 1 (Table 3A) is encoded by plasmid pACB-1 (Table 3). The insecticidal activity encoded by pACB-1, in 
comparison with pEW3 (Example 3), is as follows: 
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Clone 


LCso (O.D. 5 75/ml) 




T. ni 


H. zea 


S. exigua 


pEW3 


4.3 


23.0 


12.3 


pACB-1 


\2 


3.9 


1.2 



The above test was conducted using the conditions described previously. 

The above results show that the ACB-1 toxin has the best composite activity as compared to the other 
10 toxins tested herein against all three insects. 

Plasmid pACB-1 was constructed between the variable region of MTX-36, a wild B. thuringiensis strain, 
having the deposit accession number NRRL B-18101, and the variable region of HD-71 as follows: MTX-36; 
N-terminal to Sacl site. HD-71; Sacl site to C-terminal. 

Total plasmid DNA was prepared from strain MTX-36 by standard procedures. The DNA was submitted 
75 to complete digestion by restriction enzymes Spel and Dral. The digest was separated according to size by 
agarose gel electrophoresis and a 1962 bp fragment was purified by electroelution using standard 
procedures. 

Plasmid pEW2 was purified and digested completely with Spel and then submitted to partial digestion 
with Dral. The digest was submitted to agarose gel electrophoresis and a 4,138 bp fragment was purified by 
20 electroelution as above. 

The two fragments (1962 bp from MTX-36 and 4138 bp from pEW2 were ligated together to form 
construct pACB. 

Plasmid DNA was prepared from pACB, digested completely with Sacl and Ndel and a 3760 bp 
fragment was isolated by electroelution following agarose gel electrophoresis. 
25 Plasmid pEW1 was digested completely with Sacl and Ndel and a 2340 bp fragment was isolated by 
electroelution following agarose gel electrophoresis! 

The two fragments (3760 bp from pACB and 2340 from pEW1) were ligated together to form construct 
pACB-1. 

The complete nucleotide sequence of the ACB-1 gene was determined and the deduced amino acid 
30 sequence of the toxin was compared with that determined for the toxin encoded by pEW3 (EW3). The 
result was that the deduced amino acid sequence of the ACB-1 toxin was identical to that of EW3 with two 
exceptions; (1) Aspartic acid residue 411 in EW3 was changed to asparagine in ACB-1 and (2) glycine 
residue 425 in EW3 was changed to glutamic acid in ACB-1. These two amino acid changes account for all 
of the changes in insect toxicity between these strains. The amino acid sequence of the EW3 toxin is as 
35 reported in Table 1 . A schematic representation of these two toxins is as follows: 



40 



45 



50 



55 



411 - Asp 
425 - Gly 

COOH 
EW3 



^11 - Asn 
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The above disclosure is further exemplification of the subject invention process for altering the host 
range of Bacillus toxins which comprises recombining in vitro the variable region of two or more toxin 
genes. Once a chimeric toxin is produced, the gene encoding the same can be sequenced by standard 
procedures, as disclosed above. The sequencing data can be used to alter other DNA by known molecular 
biology procedures to obtain the desired novel toxin. For example, the above-noted changes in the ACB-1 
gene from HD-73, makes it possible to construct the ACB-1 gene as follows: 

Plasmid pEW3, NRRL B-18034, was modified by altering the coding sequence for the toxin. The 151 
bp DNA fragment bounded by the Accl restriction site at nucleotide residue 1 1 99 in the coding sequence, 
and the Sacl restriction site at residue 1350 were removed by digestion with the indicated restriction 
endonucleases using standard procedures. The removed 151 bp DNA fragment was replaced with the 
following synthetic DNA oligomer by standard procedures: 



75 



20 



A TAG AGA AAA AGC GGA ACG GTA GAT TCG CTG AAT GAA 
ATA CCG CCA CAG AAT AAC AAC GTG CCC CCG AGG CAA 
GAA TTT AGT CAT CGA TTA AGC CAT GTT TCA ATG TTT 
AGA TCT GGC TTT AGT AAT AGT AGT GTA AGT ATA ATA 
AGA GCT 



The net result of this change is that the aspartic residue at position 411 in the toxin encoded by pEW3 
(Table 1A) is converted to asparagine, and the glycine residue at position 425 is converted to a glutamic 
residue. All other amino acids encoded by these genes are identical. 
25 The changes made at positions 411 and 425, discussed above, clearly illustrate the sensitivity of these 
two positions in toxin EW3. Accordingly, the scope of the invention is not limited to the particular amino 
acids depicted as participating in the changes. The scope of the invention includes substitution of all 19 
other amino acids at these positions. This can be shown by the following schematic: 



30 



35 



40 



45 



NIL 



NIL 



411 - Asp 

I 

425 - Gly 



COOH 



-> 411 - X 
I 

-> 425 - Y 



COOH 



50 



EW3 



wherein X is one of the 20 common amino acids except Asp when the amino acid at position 425 is Gly; Y 
is one of the 20 common amino acids except Gly when the amino acid at position 411 is Asp. The 20 
55 common amino acids are as follows: alanine, arginine, asparagine, aspartate, cysteine, glutamine, glu- 
tamate, glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, 
tryptophan, tyrosine, and valine. 
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Example 8--Chimeric Toxin Denoted SYW1 

Enhanced toxicity against tested insects was shown by a toxin denoted SYW1 . The toxin SYW1 (Table 
4A) is encoded by plasmid pSYW1 (Table 4). The insecticidal activity encoded by pSYW1, in comparison 
with pEW1 (Example 1) and pEW2 (Example 2), is as follows: 



10 



Clone 


LCso (O.D.57s/ml) 


T. ni 


H. zea 


S. exigua 


pEW1 


3.5 


12.3 


18.8 


pEW2 


1.4 


52.3 


5.9 


pSYW1 


0.7 


1.9 


12.0 



15 



20 



25 



The above test was conducted using the conditions described previously. 
Plasmid pSYW1 was constructed as follows: 

Plasmid DNA from pEW2 was prepared by standard procedures and submitted to complete digestion 
with restriction enzyme Asull followed by partial digestion with EcoRI. A 5878 bp fragment was purified by 
electroelution following agarose gel electrophoresis of the digest by standard procedures. 

Plasmid DNA from strain HD-1 was prepared and submitted to complete digestion with restriction 
enzymes Asull and EcoRI. A 222 bp fragment was purified by electroelution following agarose gel 
electrophoresis of the digest. 

The two fragments (5878 bp from pEW2 and 222 bp from HD-1) were ligated together, by standard 
procedures, to form construct pSYWl. 

The amino acid changes (3) in toxin SYW1 from EW3 are as follows: (1) Arginine residue 289 in EW3 
was changed to glycine in SYW1, (2) arginine residue 311 in EW3 was changed to lysine in SYW1, and (3) 
the tyrosine residue 313 was changed to glycine in SYW1. A schematic representation of these two toxins 
is as follows: 



30 



35 



40 



45 



50 



289 - Arg 



289 - Gly 



311 - Arg 



311 - Lys 



313 - Tyr 



-> 313 - Glu 



COOH 
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The changes made at positions 289, 311, and 313, discussed above, clearly illustrate the sensitivity of 
these three positions in toxin EW3. Accordingly, the scope of the invention is not limited to the particular 
amino acids depicted as participating in the changes. The scope of the invention includes substitution of all 
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the common amino acids at these positions. This can be shown by the following schematic: 



10 



75 



20 



289 - Arg 
311 - Arg 



313 - Tyr 



COOH 



289 - X 



311 - Y 



-> 313 - Z 



COOH 



25 



EW3 



30 



05 



40 



45 



50 



55 



wherein X is one of the 20 common amino acids except Arg when the amino acid at position 31 1 is Arg and 
the amino acid at position 313 is Tyr; Y is one of the 20 common amino acids except Arg when the amino 
acid at position 289 is Arg and the amino acid at position 313 is Tyr; and Z is one of the 20 common amino 
acids except Tyr when the amino acid at position 289 is Arg and the amino acid at position 311 is Arg. 

Construction of the SYW1 gene can be carried out by procedures disclosed above for the construction 
of the ACB-1 gene from plasmid pEW3 with appropriate changes in the synthetic DNA oligomer. 

As is well known in the art, the amino acid sequence of a protein is determined by the nucleotide 
sequence of the DNA. Because of the redundancy of the genetic code, i.e., more than one coding 
nucleotide triplet (codon) can be used for most of the amino acids used to make proteins, different 
nucleotide sequences can code for a particular amino acid. Thus, the genetic code can be depicted as 
follows: 

Phenylalanine (Phe) TTK 
Leucine (Leu) XTY 
Isoleucine (lie) ATM 
Methionine (Met) ATG 
Valine (Val) GTL 
Serine (Ser) QRS 
Proline (Pro) CCL 
Threonine (Thr) ACL 
Alanine (Ala) GCL 
Tyrosine (Tyr) TAK 
Termination signal TAJ 
Histidine (His) CAK 
Giutamine (Gin) CAJ 
Asparagine (Asn) AAK 
Lysine (Lys) AAJ 
Aspartic acid (Asp) GAK 
Glutamic acid (Glu) GAJ 
Cysteine (Cys) TGK 
Tryptophan (Trp) TGG 
Arginine (Arg) WGZ 
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Glycine (Gly) GGL 

Key: Each 3-letter deoxynucleotide triplet corresponds to a trinucleotide of mRNA, having a 5'-end on the 
left and a 3'-end on the right. All DNA sequences given herein are those of the strand whose sequence 
corresponds to the mRNA sequence, with thymine substituted for uracil. The letters stand for the purine or 
5 pyrimidine bases forming the deoxynucleotide sequence. 



A = 


adenine 


G - 


guanine 


C = 


cytosine 


T = 


thymine 


X = 


T or C if Y is A or G 


X = 


C if Y is C or T 


Y = 


A, G, C or T if X is C 


Y = 


A or G if X is T 


W = 


C or A if Z is A or G 


W = 


C if Z is C or T 


Z = 


A, G, C or T if W is C 


z = 


A or G if W is A 


QR = 


TC if S is A, G, C or T; alternatively QR = AG if S is T or C 


J = 


A or G 


K = 


TorC 


L = 


A, T, C or G 


M = 


A, C or T 



The above shows that the novel amino acid sequence of the chimeric toxins, and other useful proteins, 
can be prepared by equivalent nucleotide sequences encoding the same amino acid sequence of the 

25 proteins. Accordingly, the subject invention includes such equivalent nucleotide sequences. In addition it 
has been shown that proteins of identified structure and function may be constructed by changing the 
amino acid sequence if such changes do not alter the protein secondary structure (Kaiser, E.T. and Ke2dy f 
F.J. [1984] Science 223:249-255). Thus, the subject invention includes muteins of the amino acid se- 
quences depicted herein which do not alter the protein secondary structure. 

30 The one-letter symbol for the amino acids used in Tables 1A and 2A is well known in the art. For 
convenience, the relationship of the three-letter abbreviation and the one-letter symbol for amino acids is as 



follows: 




Ala 


A 


Arg 


R 


Asn 


N 


Asp 


D 


Cys 


C 


Gin 


Q 


Glu 


E 


Gly 


G 


His 


H 


lie 


I 


Leu 


L 


Lys 


K 


Met 


M 


Phe 


F 


Pro 


P 


Ser 


S 


Thr 


T 


Trp 


W 


Tyr 


Y 


VaJ 


V 



The work described herein was all done in conformity with physical and biological containment 
requirements specified in the NIH Guidelines. 

55 
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Table 1 

Nucleotide Sequence of Plasrcid pEW3 Encoding 

Chimeric Toxin 



Numbering of the nucleotide bases is the same as 
Schnepf et al. (J. Biol. Chem. 260:6264-6272 [1985]) 
for HD-1 and Adang et al. (Gene 36:289-300 [1985]) 
for HD-73. Only protein coding sequences are shown. 



(start HD-73) ATG GATAACAATC 400 

CGAACATCAA TGAATGCATT CCTTATAATT GTTTAAGTAA CCCTGAAGTA 
GAAGTATTAG GTGGAGAAAG AATAGAAACT GGTTACACCC CAATCGATAT 500 
TTCCTTGTCG C7AOCGCAAT TTCTTTTGAG TGAATTTGTT CCCGGTGCTG 
GATTTGTGTT AGGACTA3TT GATATAATAT GGGGAATTTT TGGTCCCTCT 600 
CAATGGGACG CATTTCTTGT ACAAATTGAA CAGTTAATTA ACCAAAGAAT 
AGAAGAATTC GCTAGGAACC AAGCCATTTC TAGATTAGAA GGACTAAGCA 700 
ATCTTTATCA AATTTACGCA GAATCTTTTA GAGAGTGGGA AGCAGATCCT 
ACTAATCCAG CATTAAGAGA AGAGATGCGT ATTCAATTCA ATGACATGAA 800 
CAGT6CCCTT ACAACCGCTA TTCCTCTTTT TGCAGTTCAA AATTATCAAG 
TTCCTCTTTT ATCAGTATAT GTTCAAGCTG CAAATTTACA TTTATCAGTT 900 
TTGAGAGATG TTTCAGTGTT TGGACAAAGG TGGGGATTTG ATGCCGCGAC 
TATCAATAGT CGTTATAATG ATTTAACTAG GCTTATTGGC AACTATACAG 1000 
ATTATGCTGT ACGCTGGTAC AATACGGGAT TAGAACGTGT ATGGGGACCG 
GATTCTAGAG ATTGGGTAAG GTATAATCAA TTTAGAAGAG AATTAACACT 1100 
AACTGTATTA GATATCGTTG CTCTGTTCCC GAATTATGAT AGTAGAAGAT 
ATCCAATTCG AACAGTTTCC CAATTAACAA GAGAAATTTA TACAAACCCA 1200 
GTATTAGAAA ATTTTGATGG TAGTTTTCGA GGCTCGGCTC AGGGCATAGA 
AAGAAGTATT AGGAGTCCAC ATTTGATGGA TATACTTAAC AGTATAACCA 1300 
TCTATACGGA TGCTCATAGS GGTTATTAT7 ATTGGTCAGG GCATCAAATA 
ATGGCTTCTC CTGTAGGGTT TTCGGGGCCA GAATTCACTT TTCCGCTATA 1400 
TGGAACTATG GGAAATGCAG CTCCACAACA ACGTATTGTT GCTCAACTAG 
GTCAGGGCGT GTATAGAACA TTATCGTCCA CTTTATATAG AAGACCTTTT 1500 
AATATAGGGA TAAATAATCA ACAACTATCT GTTCTTGACG GGACAGAATT 
T6CTTATGGA ACCTCCTCAA ATTTGCCATC CGCTGTATAC AGAAAAAGCG 1600 
GAACGGTAGA TTCGCTGGAT GAAATACCGC CACAGAATAA CAACGTGCCA 
CCTAGGCAAG GATTTAGTCA TCGATTAAGC CATGTTTCAA TGTTTCGTTC 1700 
AGGCTTTAGT AATAGTAGTG TAAGTATAAT AAGAGCT (end hd-73) 

(start HD-1) CCAACGT TTTCTTGGCA GCATCGCAGT 1900 

GCT6AATTTA ATAATATAAT TCCTTCATCA CAAATTACAC AAATACCTTT 
AACAAAATCT ACTAATCTTG GCTCTGGAAC TTCTGTCGTT AAAGGACCAG 2000 
GATTTACAGG AGGAGATATT CTTCGAAGAA CTTCACCTGG CCAGATTTCA 
ACCTTAAGAG TAAATATTAC TGCACCATTA TCACAAAGAT ATCGGGTAAG 2100 
AATTCGCTAC GCTTCTACTA CAAATTTACA ATTCCATACA TCAATTGACG 
GAAGACCTAI TAATCAGGGT AATTTTTCAG CAACTATGAG TAGTGGGAGT 2200 
AATTTACAGT CCGGAAGCTT TAGGACTGTA GGTTTTACTA CTCCGTTTAA 
CTTTTCAAAT GGATCAAGTG TATTTACGTT AAGTGCTCAT GTCTTCAATT 2300 
CAGGCAATGA AGTTTATATA GATCGAATTG AATTTGTTCC GGCAGAAGTA 
ACCTTTGAGG CAGAATATGA TTTAGAAAGA GCACAAAAGG CGGTGAATGA 2400 
GCTGTTTACT TCTTCCAATC AAATCGGGTT AAAAACAGAT GT6ACGGATT 
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Table 1 (cont.) 



ATCATATTGA TCAAGTATCC AATTTAGTTG AGTGTTTATC AGATGAATTT 2500 
TGTCTGGATG AAAAACAAGA ATTGTCCGAG AAAGTCAAAC ATGCGAAGCG 
ACTTAGTGAT GAGCGGAATT TACTTCAAGA TCCAAACTTC AGAGGGATCA 2600 
ATAGACAACT AGACCGTGGC TGGAGAGGAA GTACGGATAT TACCATCCAA 
GGAGGCGATG ACGTATTCAA AGAGAATTAC GTTACGCTAT TGGGTACCTT 2700 
TGATGAGTGC TATCCAACGT ATTTATATCA AAAAATAGAT GAGTCGAAAT 
TAAAAGCCTA TACCCGTTAT CAATTAAGAG GGTATATCGA AGATAGTCAA 2800 
GACTTA5AAA TCTATTTAAT TCGCTACAAT GCAAAACATG AAACAGTAAA 
TGTGCCAGGT ACGGGTTCCT TATGGCCGCT TTCAGCCCAA AGTCCAATCG 2900 
GAAAGTGTGG AGAGCCGAAT CGATGCGCGC CACACCTTGA ATGGAATCCT 
GACTTAGATT GTTCGTGTAG GGATGGAGAA AAGTGTGCCC ATCATTCGCA 3000 
TCATTTCTCC TTAGACATTG ATGTAGGATG TACAGACTTA AATGAGGACC 
TAGGTGTATG GGTGATCTTT AAGATTAAGA CGCAAGATGG GCACGCAAGA 3100 
CTAGGGAATC TAGAGTTTCT CGAAGAGAAA CCATTAGTAG GAGAAGCGCT 
AGCTCGTGTG AAAAGAGCGG AGAAAAAATG GAGAGACAAA CGTGAAAAAT 3200 
TGGAATGGGA AACAAATATC GTTTATAAAG AGGCAAAAGA ATCTGTAGAT 
GCTTTATTTG TAAACTCTCA ATATGATCAA TTACAAGCGG ATACGAATAT 3300 
TGCCATGATT CATGCGGCAG ATAAACGTGT TCATAGCATT CGAGAAGCTT 
ATCTGCCTGA GCTGTCTGT.G ATTCCGGGTG TCAATGCGGC TAT7TTTGAA 3400 
GAATTAGAAG GGCGTATTTT CACTGCATTC TCCCTATATG ATGCGAGAAA 
TGTCATTAAA AATGGTGATT TTAATAATGG CTTATCCTGC TGGAACGTGA 3500 
AAGGGCATGT AGATGTAGAA GAACAAAACA ACCAACGTTC GGTCCTTGTT 
CTTCCGGAAT GGGAAGCAGA AGTGTCACAA 6AAGTTCGTG TCTGTCCGGG 3600 
TCGTGGCTAT ATCCTTCGTG TCACAGCGTA CAAGGAGGGA TATGGAGAAG 
GTTGCGTAAC CATTCATGAG ATCGAGAACA ATACAGACGA ACTGAAGTTT 3700 
AGCAACTGCG TAGAAGAGGA AATCTATCCA AATAACACGG TAACGTGTAA 
TGATTATACT GTAAATCAAG AAGAATACGG AGGTGCGTAC ACTTCTCGTA 3800 
ATCGAGGATA TAACGAA3CT CCTTCCGTAC CAGCTGATTA TGCGTCAGTC 
TATGAAGAAA AATCGTATAC AGATGGACGA AGAGAGAATC CTTGTGAATT 3900 
TAACAGAGGG TATAGGGATT ACACGCCACT ACCAGTTGGT TATGTGACAA 
AAGAATTAGA ATACTTCCCA GAAACCGATA AGGTATGGAT TGAGATTGGA 4000 
GAAACGGAAG GAACATTTAT CGTGGACAGC GTGGAATTAC TCCTTATGGA 
GGAA (end HD-1) 
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Table 1A 

Deduced Amino Acid Sequence of Chimeric Toxin Produced 

by Plasmid pEW3 



MDNNPNINECIPYNCLSNPEVEVLGGERIE 
TGYTPI0ISLSLTQFLLSEFVPGAGFVL6L 
VD1 I WG IFGPSQWDflFLVOI EQLINiRI EE 
F A R N €f A I SRLEGLSNLYQI YAESFREWEAD 
PTMPALREEnRIQFNDMNSALTTAIPLFAV 
QNYOVPLLSVYVQAANLHLSVLRDVSVFGQ 
RWGFDAAT INSRYNDLTRL IGNYTDYAVRW 

YNTGLERVWGPDSRDWVRYNQFRRELTLTV 
LDIVALFPNYDSRRYPIRTVSQLTREIYTN 
PVLENFDGSFRGSAQGI ERS I RSPHLMDI L 

NSI7IYTDAHRGYYYWSGHQIMASPVGFSG 
PEFTFPLYGTMGNAAPQQR I VAQLGQGVYR 

TLSSTLYRRPFNIGINNQQLSVLDGTEFAY 
GT5SNLPSAVYRK SGTVDSLDE IPPQNNNV 
PPRQGFSHRLBHVBMFRSGFSNSSV5 I IRA 
PTFSWQHRSAEF. NNI IPSSQITQIPLTKST 
NLGSGTSVVKGPGFTGGDI LRRTSPGQ I ST 
LRVNITAPLSQRYRVRIRYASTTNLOFHTS 
IDGRPINQGNFSATMSSGSNLQSGSFRTVG 
FTTPFNFSNGSSVFTLSAHVFNSGNEVYID 
RIEFVPAEVTFEAEYDLERAGiKAVNELFTS 
SNQIGLKTDVTDYHIDQVSNLVECLSDEFC 
LDEKQELSEKVKHAKRLSDERNLLQOPNFR 
G INRQLDRGWRGSTDIT IOGGDDVFK ENYV 
TLLGTFDECYPTYLYQK IDESKLKAYTRYQ 
LRGY I E D S Q D L E I YL I R Y N A K HETVNVPGT 
GSLWPLSASSPIGKCGEPNRCAPHLEWNPD 
LDCSCRDGEK CAHHSHHFSLDIDVGCTDLN 
EDLGVWVIFK IKTGDGHARLGNLEFLEEKP 
LVGEALARVKRAEKKWRDKREKLEWETNIV 
YKEAKESVDALFVNSQYDQLQADTNIAI1IH 
AADKRVHSIREAYLPELBVIPGVNAAIFEE 
LEGRIFTAFSLYDARNVIKNGDFNNGLSCW 
NVK GHVDVEEQNNQRSVLVLPEWEAEVS&E 
VRVCPGRGYILRVTAYKEGYGEGCVTIHEI 
ENNTDELKFSNCVEEEI YPNNTVTCNDYTV 
NQEEYG6AYTSRNRGYNEAPSVPADYASVY 
EEK SYTDGRRENPCEFNRGYRDYTPLPVGY 
VTKELEYFPETOKVWIEIGETEGTFIVDSV 
E L L L H E E 
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Table 2 

Nucleotide Sequence of Plasmid pEW4 Encoding 

Chimeric Toxin 



Numbering of nucleotide bases is the same as Schnep 
ez al. (J. Biol. Chem. 260:6264-6272 [1985]) for 
HD-1 and Adang et al. (Gene 36:289-300 [1985]) for 
HD-73. Only protein coding sequences are shown. 



(start HD-1) AT6G ATAACAATCC GAACATCAAT 

GAATGCATTC CTTATAATTG TTTAAGTAAC CCTGAAGTAG AAGTATTAGG £00 
TG GAGA A AG A ATAGAAACTG GTTACACCCC AATCGATATT TCCTTGTCGC 
TAACGCAATT TCTTTTGAGT GAATTTGTTC CCGGTGCTGG ATTT6TGTTA 700 
GGACTAGTTG ATATAATATG GGGAATTTTT GGTCCCTCTC AAT6GGACGC 
ATTTCCTGTA CAAATTGAAC AGTTAATTAA CCAAAGAATA GAAGAATTCG 800 
CTAGGAACCA AGCCATTTCT AGATTAGAAG GACTAAGCAA TCTTTATCAA 
ATTTACGCAG AATCTTTTAG AGAGTGGGAA GCAGATCCTA CTAATCCAGC 900 
ATTAAGA6AA GAGATGCGTA TTCAATTCAA TGACATGAAC AGT6CCCTTA 
CAACCGCTAT TCCTCTTTTG GCAGTTCAAA ATTATCAAGT TCCTCTTTTA 1000 
TCAGTATATG TTCAAGCTGC AAATTTACAT TTATCAGTTT TGA6AGATGT 
TTCAGTGTTT 6GACAAAGGT GGGGATTTGA TGCCGCGACT ATCAATAGTC 1100 
GTTATAATGA TTTAACTAGG CTTATTGGCA ACTATACAGA TTATGCTGTG 
CGCTGGTACA ATACGGGATT AGAGCGTGTA T6GGGACCGG ATTCTAGAGA 1200 
TTGGGTAAGG TATAATCAAT TTAGAAGAGA GCTAACACTT ACTGTATTAG 
ATATCGTTGC TCTATTCTCA AATTATGATA GTCGAAGGTA TCCAATTCGA 1300 
ACAGTTTCCC AATTAACAAG AGAAATT7AT ACGAACCCAG TATTAGAAAA 
TTTTGAT5GT AGTTTTCGTG GAATGGCTCA GAGAATAGAA CAGAATATTA 1400 
GGCAACCACA TCTTATGGAT ATCCTTAATA GTATAACCAT TTATACTGAT 
GTGCATAGAG GCTTTAATTA TTGGTCAGGG CATCAAATAA CAGCTTCTCC 1500 
TGTAGGGTTT TCAGGACCAG AATTCGCATT CCCTTTATTT GGGAATGCGG 
GGAATGCAGC TCCACCCGTA CTTGTCTCAT TAACTGGTTT GGGGATTTTT 1£>00 
AGAACATTAT CTTCACCTTT ATATAGAAGA ATTATACTTG GTTCAGGCCC 
AAATAATCAG GAACTGT7TG TCCTTGATGG AACGGAGTTT TCTTTTGCCT 1700 
CCCTAACGAC CAACTTGCCT TCCACTATAT ATAGACAAAG GGGTACAGTC 
GATTCACTAG ATGTAATACC GCCACA6GAT AATAGTGTAC CACCTCGTGC 1800 
GGGATTTAGC CATCGATTGA GTCATGTT AC AATGCTGAGC CAAGCAGCTG 
GAGCAGTTTA CACCTTGAGA GCTCAACGT (stop HD-1> 

(Start HD-73) CCT ATGTTCTCTT 

GGATACATCG TAGTGCTGAA TTTAATAATA TAATTGCATC GGATAGTATT 1800 
ACTCAAATCC CTGCAGTGAA GGGAAACTTT CTTTTTAATG GTTCTGTAAT 
TTCAGGACCA GGATTTACTG GTGGGGACTT AGTTAGATTA AATAGTAGTG 1900 
GAAATAACAT TCAGAATAGA GGGTATATTG AAGTTCCAAT TCACTTCCCA 
TCGACATCTA CCAGATATCG AGTTCGTGTA CGGTATGCTT CTGTAACCCC 2000 
GATTCACCTC AAC6TTAATT GGGGTAATTC ATCCATTTTT TCCAATACAG 
TACCAGCTAC AGCTACGTCA TTAGATAATC TACAATCAAG TGATTTTGGT 2100 
TATTTTGAAA GTGCCAATGC TTTTACATCT TCATTAGGTA ATATAGTAGG 
TGTTAGAAAT TTTAGTGGGA CTGCAGGAGT GATAATAGAC AGATTTGAAT 2200 
TTATTCCAGT TACTGCAACA CTCGAGGCTG AATATAATCT 6GAAAGAGCG 
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Table 2 (cont. ) 



CAGAAGGCGG TGAATGCGCT GTTTACGTCT ACAAACCAAC TAGGGCTAAA 2300 
AACAAATGTA ACGGATTATC ATATTGATCA AGTGTCCAAT TTAGTTACGT 
ATTTATCGGA TGAATTTTGT CTGGATGAAA AGCGAGAATT GTCCGAGAAA 2400 
GTCAAACATG CGPAGCGACT CAGTGATGAA CGCAATTTAC TCCAAGATTC 
AAATTTCAAA GACATTAATA GGCAACCAGA ACGTGGGTGG G6CGGAAGTA 2500 
CAGGGATTAC CATCCAAGGA GGGGATGACG TATTTAAAGA AAATTACGTC 
ACACTATCAG GTACCTTTGA TGAGTGCTAT CCAACATATT T6TATCAAAA 2600 
AATCGATGAA TCAAAATTAA AAGCCTTTAC CCGTTATCAA TTAAGAGGGT 
ATATCGAAGA TAGTCAAGAC TTAGAAATCT ATTTAATTCG CTACAATGCA 2700 
AAACATGAAA CAGTAAATGT GCCA6GTACG GGTTCCTTAT GGCCGCTTTC 
AGCCCAAAGT CCAATCGGAA AGTGTGGAGA GCCGAATCGA TGC6CGCCAC 2800 
ACCTTGAATG GAATCCTGAC TTAGATTGTT CGTGTA6GGA T6GAGAAAAG 
TGTGCCCATC ATTCGCATCA TTTCTCCTTA GACATTGATG TAGGATGTAC 2900 
AGACTTAAAT GAGGACCTAG GTGTATGGGT GATCTTTAAG ATTAAGACGC 
AAGATGGGCA CGCAAGACTA GGGAATCTAG AGTTTCTCGA AGAGAAACCA 3000 
TTAGTAGGAG AAGCGCTAGC TCGTGTGAAA AGAGCGGAGA AAAAATGGAG 
AGACAAACGT GAAAAATTGG AATGGGAAAC AAATATCGTT TATAAAGAGG 3100 
CAAAAGAATC TGTAGATGCT TTATTTGTAA ACTCTCAATA TGATCAATTA 
CAAGCGGATA CGAATATTGC CATGATTCAT GCGGCAGATA AACGTGTTCA 3200 
TAGCATTCGA GAAGCTTATC TGCCTGAGCT GTCTGTGATT CCGGGTGTCA 
ATGCGGCTAT TTTTGAAGAA TTAGAAGGGC GTATTTTCAC TGCATTCTCC 3300 
CTATATGATG CGAGAAATGT CATTAAAAAT GGTGATTTTA ATAATGGCTT 
ATCCTGCTGG AACGTGAAAG GGCATGTAGA TGTAGAAGAA CAAAACAACC 3400 
AACGTTCGGT CCTTGTTGTT CCGGAATGGG AAGCAGAAGT GTCACAAGAA 
GTTCGTGTCT GTCCGGGTCG TGGCTATATC CTTCGTGTCA CAGCGTACAA 3500 
GGAGGGATAT GGAGAAGGTT GCGTAACCAT TCATGAGATC GAGAACAATA 
CAGACGAACT GAAGTTTAGC AACTGCGTAG AAGAGGAAAT CTATCCAAAT 3600 
AACACGGTAA CGTGTAATGA TTATACTGTA AATCAAGAA5 AATACGGAGG 
TGCG7ACACT TCTCGTAATC GAGGATATAA CGAAGCTCCT TCCGTACCAG 3700 
CTGATTATGC GTCAGTCTAT GAAGAAAAAT CGTATACAGA T6GACGAAGA 
GAGAATCCTT GTGAATTTAA CAGAGGGTAT AGGGATTACA CGCCACTACC 3800 
AGTTGGTTAT GTGACAAAAG AATTAGAATA CTTCCCAGAA ACCGATAAGG 
TATGGATTGA GATTGGAGAA ACGGAAGGAA CATTTATCGT GGACAGCGTG 3900 
GAATTACTCC TTATGGAGGA A (end HD-73) 
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Table 2A 

Deduced Amino Acid Sequence of Chimeric Toxin Produced 

by Plasmid pEW4 
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Table 3 

Nucleocide Sequence of Plasmid pACB-1 Encoding 

Chimeric Toxin ACB-1 
The nucleotide differences as compared to the sequence 
shown in Table 1 are underlined at positions 1618 
and 1661 and code for amino acid changes at positions 
411 and 425 as shown in Table 3A. 



1 (Start HO-73) AT 6 GATAACAATC 400 

CGAACATCAA TGAATGCATT CCTTATAATT GTTTAAGTAA CCCTGAAGTA 
GAAGTATTAG GTGGA6AAAG AATAGAAACT GGTTACACCC CAATCGATAT 500 
TTCCTTGTCG CTAACGCAAT TTCTTTTGAG TGAATTTGTT CCCGGTGCTG 
6ATTTGTGTT AGGACTAGTT GATATAATAT GGGGAATTTT TGGTCCCTCT 600 
CAAT6GGACG CATTTCTTGT ACAAATTGAA CAG7TAATTA ACCAAAGAAT 
AGAAGAATTC GCTAGGAACC AAGCCATTTC TAGATTAGAA GGACTAAGCA 700 
ATCTTTATCA AATTTACGCA GAATCTTTTA GAGAGTGGGA AGCAGATCCT 
ACTAATCCAG CATTAAGAGA AGAGATGCGT ATTCAATTCA ATGACATGAA 800 
CAGTGCCCTT ACAACCGCTA TTCCTCTTTT TGCAGTTCAA AATTATCAAG 
TTCCTCTTTT ATCAGTATAT GTTCAAGCTG CAAATTTACA TTTATCAGTT 900 
TTGAGAGATG TTTCAGTGTT TGGACAAAGG TGGGSATTTG ATGCCGCGAC 
TATCAATAGT CGTTATAATG ATTTAACTAG GCTTATTGGC AACTATACAG 1000 
ATTATGCTGT ACGCTGGTAC AATACGGGAT TAGAAC5TGT ATGGGGACCG 
GATTCTAGAG ATTGGGTAAG GTATAATCAA TTTAGAAGAG AATTAACACT 1100 
A ACT GT ATT A GATATCGTTG CTCTGTTCCC GAATTATGAT AGTAGAAGAT 
ATCCAATTCG* AACAGTTTCC CAATTAACAA GAGAAATTTA TACAAACCCA 1200 
GTATtAGAAA ATTTTGATGG TAGTTTTCGA GGCTCGGCTC AGGGCATAGA 
AAGAAGTATT AGGAGTCCAC ATTTGATGGA TATACTTAAC AGTATAACCA 1300 
TCTATACGGA TGCTCATAGG GGTTATTATT. ATTGGTCAGG GCATCAAATA 
ATGGCTTCTC CTGTAGGGTT TTCGGGGCCA GAATTCACTT TTCCGCTATA 1400 
TGGAACTATG GGAAATGCAG CTCCACAACA ACGTATTGTT GCTCAACTAG 
GTCAGGGCGT GTATAGAACA TTATCGTCCA CTTTATATAG AAGACCTTTT 1500 
AATATAGGGA TAAATAATCA ACAACTATCT GTTCTTGACG GGACAGAATT 
TGCTTATGGA ACCTCCTCAA ATTTGCCATC CGCTGTATAC AGAAAAAGCG 1600 
GAACGGTAGA TTCGCTGAAT GAAATACCGC CACAGAATAA CAACGTGCCA 
CCTAGGCAAG AATTTAGTCA TCGATTAAGC CATGTTTCAA TGTTTCGTTC 1700 
AGGCTTTAGT AATAGTAGTG TAAGTATAAT AAGAGCT lend hd-73) 

(start HD-l) CCAACGT TTTCTTGGCA GCATCGCAGT 1900 

GCTGAATTTA AT A AT AT A AT TCCTTCATCA CAAATTACAC AAATACCTTT 
AACAAAATCT ACTAATCTTG GCTCTGGAAC TTCTGTCGTT AAAGGACCAG 2000 
GATTTACAGG AGGAGATATT CTTCGAAGAA CTTCACCTGG CCAGATTTCA 
ACCTTAAGAG TAAATATTAC TGCACCATTA TCACAAAGAT ATCGGGTAAG 2100 
AATTCGCTAC GCTTCTACTA CAAATTTACA ATTCCATACA TCAATTGACG 
GAAGACCTAT TAATCAGGGT AATTTTTCAG CAACTATGAG TAGTGGGAGT 2200 
AATTTACAGT CCGGAAGCTT TAGGACTGTA GGTTTTACTA CTCCGTTTAA 
CTTTTCAAAT GGATCAAGTG TATTTACGTT AAGTGCTCAT GTCTTCAATT 2300 
CAGGCAATGA AGTTTATATA GATCGAATTG AATTTGTTCC GGCAGAAGTA 
ACCTTTGAGG CAGAATATGA TTTAGAAAGA GCACAAAAGG CGGTGAATGA 2400 
GCTGTTTACT TCTTCCAATC AAATCGGGTT AAAAACAGAT GTGACGGATT 
ATCATATTGA TCAAGTATCC AATTTAGTTG AGTGTTTATC AGATGAATTT 2500 
TGTCTGGATG AAAAACAAGA ATTGTCCGAG AAAGTCAAAC ATGCGAAGCG 
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Table 3 (cont.) 



ACTTAGTGAT GAGCGGAATT TACTTCAAjA TCCAAACT1C AGAGS5ATCA 2600 
A7AGACAACT AGACCGTGGC TGGAGAGGAA GTACGGATAT TACCATCCAA 
GGAGGCGATG ACGTATTCAA AGAGAATTAC GTTACGCTAT TGGGTACCTT 2700 
TGATGAGTGC TATCCAACGT ATTTATATCA AAAAATAGAT GAGTCGAAAT 
TAAAAGCCTA TACCCGTTAT CAATTAAGAG GGTATATCGA AGATAGTCAA 2800 
GACTTAGAAA TCTATTTAAT TCGCTACAAT GCAAAACATG AAACAGTAAA 
TGTGCCAGGT ACGGGTTCCT TATGGCCGCT TTCAGCCCAA AGTCCAATCG 2900 
GAAAGTGTGG AGAGCCGAAT CGATGCGCGC CACACCTTGA ATGGAATCCT 
GACTTAGATT GTTCGTGTAG GGATGGAGAA AAGTGTGCCC ATCATTCGCA 3000 
TCATTTCTCC TTAGACATTG ATGTAGGATG TACAGACTTA AATGAGGACC 
TAGGTGTATG GGTGATCTTT AAGATTAAGA CGCAAGATGG GCACGCAAGA 3100 
CTAGGGAATC TAGAGTTTCT CGAAGAGAAA CCATTAGTAG GAGAAGCGCT 
AGCTCGTGTG AAAAGAGCGG AGAAAAAATG GAGAGACAAA CGTGAAAAAT 3200 
T6GAATGGGA AACAAATATC GTTTATAAAG AGGCAAAAGA ATCTGTAGAT 
GCTTTATTTG TAAACTCTCA ATATGATCAA TTACAAGCGG ATACGAATAT 3300 
TGCCATGATT CATGCGGCAG ATAAACGTGT TCATAGCATT CGAGAAGCTT 
ATCTGCCTGA GCTGTCTGTG ATTCCGGGTG TCAATGCGGC TATTTTTGAA 3400 
GAATTAGAAG GGCGTATTTT CACTGCATTC TCCCTATATG ATGCGAGAAA 
TGTCATTAAA AATGGTGATT TTAATAATGG CTTATCCTGC TGGAACGTGA 3500 
AAGGGCATGT AGATGTAGAA GAACAAAACA ACCAACGTTC GGTCCTTGTT 
CTTCCGGAAT GGGAAGCAGA AGTGTCACAA GAAGTTCGTG TCTGTCCGGG 3600 
TCGTGGCTAT ATCCTTCGTG TCACAGCGTA CAAGGAGGGA TATGGAGAAG 
GTTGCGTAAC CATTCATGAG ATCGAGAACA ATACAGACGA ACTGAAGTTT 3700 
AGCAACTGCG TAGAAGAGGA AATCTATCCA AATAACACGG TAACGTGTAA 
TGATTATACT GTAAATCAAG AAGAATACGG AGGTGCGTAC ACTTCTCGTA 3800 
ATCGAGGATA TAACGAA3CT CCTTCCGTAC CAGCTGATTA TGCGTCAGTC 
TATGAAGAAA AATCGTATAC &GAT6GACGA AGAGAGAATC CTTGTGAATT 3900 
TAACAGAGGG TATAGGGATT ACACGCCACT ACCAG7TGGT TATGTGACAA 
AAGAATTAGA ATACTTCCCA GAAACCGATA AGGTATGGAT TGAGATTGGA 4000 
GAAACGGAAG GAACATTTAT CGTGGACAGC GTGGAATTAC TCCTTATGGA 
GGAA (end HD-1) 
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Table 3A 

Deduced Amino Acid Sequence of Chimeric Toxin 

ACB-1 



MDNNPN I NECIPYNCLSNPEVEVLGGERIE 
T G Y T P I D I SLSLTQFLLSEFVPGAGFVLGL 
VDI IWGIFGPSQWDAFLVQIEQLINQRIEE 
F A R fl' Q A I 5.RLE.GLSNLYQ I YAESFREWEAD 
PTNPALREEMRI QFNDMNSALTTAI P LF A V 
QNYQVPLLSVYVQAANLHLSVLRDVSVFGQ 
RWGF DAAT I NSRYNDLTRL I GNYTDYAVRW 
YN.T.GL ERVWGPDSRDWVRYNQFRRELTLTV 
LDIVALFPNYDSRRYPIRTVSQLTREIYTN 
PVLENFDGSFRGSAQGIERSIRSPHLMDIL 
NS I T I YTDAHRGYYYWSGHG IMASPVGFSG 
PEF'TFPLY.GTHGNAAPQQR I VAQLGGGVYR 
T L S S T L Y R R PFNI GI NNQQLSVLDGTEFAY 
GT5SNLPSAVYRK SGTVDSLNE I PPQNNNV 
PPRGEFSHRLSHVSMFRSGFSNSSVSI IRA 
PTFSWQHRSAEFNNI IPSSQITGIPLTKST 
NLGSGTSVVKGPGFTGGDILRRTSPGQIST 
LRVN I TAPLSQRYRVRIRYASTTNLQFHTS 
I DGRP I NQGNFSATMSSGSNLQSGSFRTVG 
FTTPFNFSNGSSVFTLSAHVFNSGNEVYID 
R I EFVPAEVTFEAEYDLERAQK AVNELFTS 
SNQ1GLKTDVTDYH1DQVSNLVECLSDEFC 
LDEK GELSEKVKHAKRLSDERNLLQDPNFR 
GINRQLDRGWRGSTD1T IGGGDDVFKENYV 
T-LLGTFDECYPTYLYQK I DESKLKAYTRYQ 
LRGYI EDSQDLEIYL IRYNAKHETVNVPGT 
G 5 L W P L S A Q 5 P I G K C G E P N R C A P H L E W N P B 
LDCSCRDGEK CAHHSHHFSLDI DVGCTDLN 
EDLGVWVIFK I K TQDGHARLGNLEFLEEKP 
LVGEALARVK RAEKK WRDK REKLEWETNIV 
YKEAK ESVDALFVNSQYDQLQADTNI AMIH 
A A D K RVHS I REAYLPELSV IPGVNAAIFEE 
* L E G R I FT A. FSLYDARNV I K NGDFNN. GLSCW 
NVK G-HVDVEEQNNQRSVLVLPEUE'AEVSQE 
VR.V CP GRGY I LRVTAYK EGYGEGCVT IHEI 
ENNTDELKFSNCVEEEI YPNNTVTCNDYTV 
NGEEYGGAYTSRNRGYNEAPSVPADYASVY 
E E K S Y *T DGRRENPCEFNR6YRDYTPLPVGY 
VTK ELEYFPETDKVWI E IGETEGTF IVDSV 
E L L L M E E 
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Table U 

Nucleotide Sequence of Plasmid pSYWl Encoding 

Chimeric Toxin SYW1 
The nucleotide differences as compared to the sequence 
shown in Table 1 are underlined at positions 1252, 1319, 
1320, 1323, 1324, and 1326; and code for amino acid 
changes at positions 289, 311, and 313, as shown 
in Table 4A. 



(start HD-73) ATG GATAACAATC 400 

CGAACATCAA TGAATGCATT CCTTATAATT GTTTAAGTAA CCCTGAAGTA 
GAAGTATTAG GTGGAGAAAG AATAGAAACT GGTTACACCC CAATCGATAT 500 
TTCCTTGTCG CTAACGCAAT TTCTTTTGAG TGAATTTGTT CCCGGTGCTG 
GATTTGTGTT A6GACTAGTT GATATAATAT GGGGAATTTT TGGTCCCTCT 600 
CAATGGGACG CATTTCTTGT ACAAATTGAA CAGTTAATTA ACCAAAGAAT 
AGAAGAATTC GCTAGGAACC AAGCCATTTC TAGATTAGAA GGACTAAGCA 700 
ATCTTTATCA AATTTACGCA GAATCTTTTA GAGAGTGGGA AGCAGATCCT 
ACTAATCCAG CATTAAGAGA AGAGATGCGT ATTCAATTCA ATGACATGAA BOO 
CAGTGCCCTT ACAACCGCTA TTCCTCTTTT TGCAGTTCAA AATTATCAAG 
TTCCTCTTTT ATCAGTATAT GTTCAAGCTG CAAATTTACA TTTATCAGTT 900 
TTGAGAGATG TTTCAGTGTT TGGACAAAG3 TGGGGATTTG ATGCCGCGAC 
TATCAATAGT CGTTATAATG ATTTAACTAG GCTTATTGGC AACTATACAG 1000 
ATTATGCTGT ACGCTGGTAC AATACGGGAT TAGAACGTGT AT6GGGACCG 
GATTCTAGAG ATTGGGTAAG GTATAATCAA TTTAGAAGAG AATTAACACT 1100 
AACTGTATTA GATATCGTTG CTCTGTTCCC 6AATTATGAT AGTAGAAGAT 
ATCCAATTCG AACAGTT7CC CAATTAACAA GAGAAATTTA TACAAACCCA 1200 
GTATTAGAAA ATTTTGATGG TAGTTTTCGA GGCTCGGCTC AGGGCATAGA 
AGGAAGTATT AGGAGTCCAC ATTTGATGGA TATACTTAAC AGTATAACCA 1300 
TCTA7ACGGA TGCTCATAAA GGGGAATATT ATTGGTCAGG GCATCAAATA 
ATGGCTTCTC CTGTAGGGTT TTCGGGGCCA GAATTCACTT TTCCGCTATA 1400 
TGGAACTATG GGAAATGCAG CTCCACAACA ACGTATTGTT GCTCAACTAG 
GTCAGGGCGT GTATAGAACA TTATCGTCCA CTTTATATAG AAGACCTTTT 1500 
AATATAGGGA TAAATAATCA ACAACTATCT GTTCTTGACG GGACAGAATT 
TGCTTATGGA ACCTCCTCAA ATTTGCCATC CGCTG7ATAC AGAAAAAGCG 1600. 
GAACGGTAGA TTCGCTGGAT GAAATACCGC CACAGAATAA CAACGTGCCA 
CCTA6GCAAG GATTTA3TCA TCGA7TAAGC CATGTTTCAA TGTTTCGTTC 1700 
AGGCTTTAGT AATAGTAGTG TAAGTA7 AAT AAGAGCT (end hd-73) 

(ste.rt HD-i) CCAACGT TTTCTTGGCA GCATCGCAGT 1900 

GCTGAATTTA ATAATATAAT TCCTTCATCA CAAATTACAC AAATACCTTT 
AACAAAATCT ACTAATCTTG 6CTCTGGAAC TTCTGTCGTT AAAGGACCAG 2000 
GATTTACAGG AGGAGATATT CTTCGAAGAA CTTCACCTGG CCAGATTTCA 
ACCTTAAGAG TAAATATTAC TGCACCATTA TCACAAAGAT ATCGGGTAAG 2100 
AATTCGCTAC GCTTCTACTA CAAATTTACA ATTCCATACA TCAATTGACG 
GAAGACCTAf TAATCAGGGT AATTTTTCAG CAACTATGAG TAGTGGGAGT 2200 
AATTTACAGT CCGGAAGCTT TAGGACTGTA GGTTTTACTA CTCCGTTTAA 
CTTTTCAAAT GGATCAAGTG TATTTACGTT AAGTGCTCAT GTCTTCAATT 2300 
CAGGCAATGA AGTTTATATA GATCGAATTG AATTTGTTCC GGCAGAAGTA 
ACCTTTGAGG CAGAATATGA TTTAGAAAGA GCACAAAAGG CGGTGAATGA 2400 
GCTGTTTACT TCTTCCAATC AAATCGGGTT AAAAACAGAT GTGACGGATT 
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Table 4 (cont.) 



ATCATATTGA TCAAGTATCC AATTTAGTTG AGTGTTTATC AGATGAATTT 2500 
TGTCTGGATG AAAAACAA6A ATTGTCCGAG AAAGTCAAAC ATGCGAAGCG 
ACTTAGTGAT GAGCGGAATT TACTTCAAGA TCCAAACTTC AGAGGGATCA 2600 
ATAGACAACT AGACCGTGGC TGGAGAGGAA GTACGGATAT TACCATCCAA 
GGAGGCGATG ACGTATTCAA AGAGAATTAC GTTACGCTAT TGGGTACCTT 2700 
TGATGAGTGC TATCCAACGT ATTTATATCA AAAAATAGAT GAGTCGAAAT 
TAAAAGCCTA TACCC6TTAT CAATTAAGAG GGTATATCGA AGATAGTCAA 2800 
GACTTAGAAA TCTATTTAAT TCGCTACAAT GCAAAACATG AAACAGTAAA 
TGTGCCAGGT ACGGGTTCCT TATGGCCGCT TTCAGCCCAA AGTCCAATCG 2900 
GAAAGTGTGG AGAGCCGAAT CGATGCGCGC CACACCTT6A ATGGAATCCT 
GACTTAGATT GTTCGTGTAG GGATGGAGAA AAGTGTGCCC ATCATTCGCA 3000 
TCATTTCTCC TTAGACATTG ATGTAGGATG TACAGACTTA AATGA6GACC 
TAGGTGTATG GGTGATCTTT AAGATTAAGA CGCAAGATGG 6CACGCAAGA 3100 
CTAGGGAATC TAGAGTTTCT CGAA3AGAAA CCATTAGTAG GAGAAGCGCT 
AGCTCGTGTG AAAAGAGCGG AGAAAAAATG GAGAGACAAA CGTGAAAAAT 3200 
TGGAATGGGA AACAAATATC GTTTATAAAG AGGCAAAAGA ATCTGTAGAT 
GCTTTATTTG TAAACTCTCA ATATGATCAA TTACAAGCGG ATACGAATAT 3300 
TGCCATGATT CATGCGGCAG ATAAACGTGT TCATAGCATT CGAGAAGCTT 
ATCTGCCTGA GCTGTCTGTG ATTCCGGSTG TCAATGCGGC f ATTTTTGAA 3400 
GAATTAGAAG GGCGTATTTT CACTGCATTC TCCCTATATG ATGCGAGAAA 
TGTCATTAAA AATGGTGATT TTAATAATGG CTTATCCTGC TGGAACGTGA 3500 
AAGGGCATGT AGATGTAGAA GAACAAAACA ACCAACGTTC GGTCCTTGTT 
CTTCCGGAAT GGGAAGCAGA AGTGTCACAA GAAGTTCGTG TCTGTCCGGG 3600 
TCGTGGCTAT ATCCTTC6TG TCACAGCGTA CAAGGAGGGA TATGGAGAAG 
GTTGCGTAAC CATTCATGAG ATCGAGAACA ATACAGACGA ACTGAAGTTT 3700 
AGCAAC7GCG TAGAAGAGGA AATCTATCCA AATAACACGG TAACGTGTAA 
TGATTATACT GTAAATCAAG AAGAATACGG AGGTGCGTAC ACTTCTCGTA 3800 
ATCGAGGATA TAACGAAGCT CCTTCCGTAC CAGCTGATTA TGCGTCAGTC 
TATGAA6AAA AATCGTATAC AGATGGACGA AGAGAGAATC CTTGTGAATT 3900 
TAACAGAGGG TATAGGGATT ACACGCCACT ACCAGTTGGT TATGTGACAA 
AAGAATTAGA ATACTTCCCA GAAACCGATA AGGTATGGAT TGAGATTGGA 4000 
GAAACGGAAQ GAACATTTAT CGTGGACA6C GTGGAATTAC TCCTTATGGA 
GGAA (end HD-1) 
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Table AA 

Deduced Amino Acid Sequence of Chimeric Toxin SYW1 
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Claims 

Claims for the following Contracting States : BE, CH, DE, FR, GB, GR, IT, NL, SE 

50 

1. A chimeric toxin which comprises the variable region of two or more Bacillus toxin genes such that the 
chimeric toxin has an expanded and/or amplified insect host range as compared to the parent toxins. 

2. A toxin according to claim 1 , wherein the genes are of Bacillus thuringiensis. 

55 

3. A toxin according to claim 2, which comprises the variable regions of Bacillus thuringiensis var. kurstaki 
HD-1 and Bacillus thuringiensis var. kurstaki HD-73. 
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4. A chimeric toxin, denoted EW3, having pesticidal activity, and having the amino-acid sequence of Table 
1 A, or a mutein thereof which has unaltered protein secondary structure. 

5. A chimeric toxin, denoted EW4, having pesticidal activity, and having the amino-acid sequence of Table 
5 2A, or a mutein thereof which has unaltered protein secondary structure. 

6. A chimeric toxin, denoted ACB-1, having pesticidal activity, and having the amino-acid sequence of 
Table 3A, or a mutein thereof which has unaltered protein secondary structure. 

70 7. A chimeric toxin, denoted SYW1, having pesticidal activity, and having the amino-acid sequence of 
Table 4A, or a mutein thereof which has unaltered protein secondary structure. 

a A chimeric toxin, having the amino-acid sequence of toxin EW3 as shown in Table 1A, but with 
changes which can be shown schematically as follows: 

75 

H 2 N - X - Y - COOH 
411 425 

20 

wherein X and Y are independently selected from the 20 common ami no-acids, provided that X is not 
Asp when Y is Gly. 

25 9. A chimeric toxin, having the amino-acid sequence of toxin EW3 as shown in Table tA, but with 
changes which can be shown schematically as follows: 

H 2 N - X - Y - Z - COOH 

30 c 

289 311 313 

wherein X, Y and 2 are independently selected from the 20 common amino-acids, provided that X is 
35 not Arg when Y is Arg and Z is Tyr. 

10. DNA, denoted pEW3, encoding a chimeric toxin having pesticidal activity, and having the nucleotide 
sequence of Table 1 , or an equivalent sequence coding for a toxin, denoted EW3, having the amino- 
acid sequence of Table 1A. 

40 

11. DNA, denoted pEW4, encoding a chimeric toxin having pesticidal activity, and having the nucleotide 
sequence of Table 2, or an equivalent sequence coding for a toxin, denoted EW3, having the amino- 
acid sequence of Table 2A. 

45 12. DNA, denoted pACB-1, encoding a chimeric toxin having pesticidal activity, and having the nucleotide 
sequence of Table 3, or an equivalent sequence coding for a toxin, denoted EW3, having the amino- 
acid sequence of Table 3A. 

13. DNA, denoted pSYW1, encoding a chimeric toxin having pesticidal activity, and having the nucleotide 
so sequence of Table 4, or an equivalent sequence coding for a toxin, denoted EW3, having the amino- 
acid sequence of Table 4A. 

14. DNA encoding a chimeric toxin according to claim 8 or claim 9. 

55 15. A recombinant DNA transfer vector comprising DNA according to any of claims 10 to 14. 

16. Pesticide-containing substantially intact cells having prolonged pesticidal activity when applied to the 
environment of a target pest, wherein the pesticide is a chimeric toxin according to any of claims 1 to 
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9. is intracellular and is produced as a result of expression of a heterologous gene encoding the toxin in 
the cell. 

17. Cells according to claim 16, which have been killed under protease-deactivating or cell wall-strengthen- 
5 ing conditions, while retaining pesticidal activity. 

1a Cells according to claim 16 or claim 17, which are prokaroytes selected from Enterobacteriaceae, 
Bacillaceae , Rhizobiaceae , Spirillaceae , Lactobacillaceae, Pseudomonadaceae, Azotobacteraceae and 
Nitrobacteraceae; or lower eukaryotes selected from Phycomycetes, Ascomycetes and Basidiomycetes. 



Cells according to claim 18, wherein the prokaryote is a Bacillus species selected from the pesticide- 
producing strains of Bacillus thuringlensis M-7, var. kurstaki , var. finltlmus , var. alesti, var. sotto, var. 
dendrolimus , var. kenyae , var. galleriae, var. canadensis, var. entomocidus, var. subtoxicus, var. 
aizawai , var. morrisoni , var. ostriniae , var. tolworthi, var. darmstadiensis, var. toumanoffi, var. kyushuen- 
75 sis, var. thompsoni, var. Pakistani, var. israelensis, var. indiana, var. dakota, var. tohokuensis, var. 
kumanotoensis, var. tochiqiensis, var. colmeri, var. wuhanesis, var. tenebrionis and var. thuringiensis, B. 
cereus, B. morrtai, B. popilliae, B. lentimorbus and B. sphaericus. 



20. Cells according to claim 16 or claim 17, which are of a Pseudomonas, and the toxin is derived from a 
20 B. thuringiensis. 

21. Cells according to claim 16 or claim 17, wherein the gene is as specifically or functionally defined in 
any of claims 10 to 14. 

25 22. A method of protecting plants against pests, which comprises applying to the plants cells according to 
any of claims 1 6 to 21 . 

23. A prokaryotic or lower eukaryotic microorganism into which a DNA transfer vector according to claim 15 
has been transformed, or transferred and replicated. 

30 

24. A microorganism selected from E. coli (pEW3) and E. coii (pEW4) as available from the respective 
NRRL deposits B-18034 and B-18035TE. coli (pACB-f); and E. coli (pSYW1); wherein pACB-1 has the 
construction of plasmid pEW3 except that the DNA encoding aspartic acid at position 411 is converted 
to encode asparagine, and pSWY1 has the construction of plasmid pEW3 except that the DNA 

35 encoding arginine at position 289 is converted to encode glycine. 

25. A process for altering the host range of Bacillus toxins, which comprises recombining in vitro the 
variable region of two or more Bacillus toxin genes, such that the resulting chimeric toxin has an 
expanded and/or amplified insect host range as compared to the parent toxins. 

40 

26. A process according to claim 25, wherein the chimeric toxin that is obtained is a toxin according to any 
of claims 2 to 9. 

Claims for the following Contracting State : ES 

45 

1. A process for altering the host range of Bacillus toxins, which comprises recombining in vitro the 
variable region of two or more Bacillus toxin genes such that the resulting chimeric toxin has an 
expanded and/or amplified insect host range as compared to the parent toxins. 

so 2. A process according to claim 1, wherein the genes are of Bacillus thuringiensis. 



3. A process according to claim 2, wherein the variable regions are of Bacillus thuringiensis var. kurstaki 
HD-1 and Bacillus thuringiensis var. kurstaki HD-73. 

55 4. A process according to claim 1, wherein the product is a chimeric toxin, denoted EW3, having 
pesticidal activity, and having the amino-acid sequence of Table 1A, or a mutein thereof which has 
unaltered protein secondary structure. 
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5. A process according to claim 1, wherein the product is a chimeric toxin, denoted EW4, having 
pesticidal activity, and having the amino-acid sequence of Table 2A, or a mutein thereof which has 
unaltered protein secondary structure. 

5 6. A process according to claim 1, wherein the product is a chimeric toxin, denoted ACB-1, having 
pesticidal activity, and having the amino-acid sequence of Table 3A, or a mutein thereof which has 
unaltered protein secondary structure. 

7. A process according to claim 1, wherein the product is a chimeric toxin, denoted SYW1, having 
70 pesticidal activity, and having the amino-acid sequence of Table 4A, or a mutein thereof which has 
unaltered protein secondary structure. 

& A process according to claim 1, wherein the product is a chimeric toxin, having the amino-acid 
sequence of toxin EW3 as shown in Table 1A, but with changes which can be shown schematically as 
75 follows: 

H 2 N - X - Y - COOH 
20 411 425 

wherein X and Y are independently selected from the 20 common amino-acids, provided that X is not 
Asp when Y is Gly. 

25 

9. A process according to claim 1, wherein the product is a chimeric toxin, having the amino-acid 
sequence of toxin EW3 as shown in Table 1A, but with changes which can be shown schematically as 
follows: 

30 

H^-X-Y-Z- COOH 

289 311 313 

35 

wherein X, Y and Z are independently selected from the 20 common amino-acids, provided that X is 
not Arg when Y is Arg and Z is Tyr. 

10. A DNA recombination process, wherein the product is DNA, denoted pEW3, encoding a chimeric toxin 
40 having pesticidal activity, and having the nucleotide sequence of Table 1 , or an equivalent sequence 

coding for a toxin, denoted EW3, having the amino-acid sequence of Table 1 A. 

11. A DNA recombination process, wherein the product is DNA, denoted pEW4, encoding a chimeric toxin 
having pesticidal activity, and having the nucleotide sequence of Table 2, or an equivalent sequence 

45 coding for a toxin, denoted EW3, having the amino-acid sequence of Table 2A. 

12. A DNA recombination process, wherein the product is DNA, denoted pACB-1, encoding a chimeric 
toxin having pesticidal activity, and having the nucleotide sequence of Table 3, or an equivalent 
sequence coding for a toxin, denoted EW3, having the amino-acid sequence of Table 3A. 

50 

13. A DNA recombination process, wherein the product is DNA, denoted pSYW1, encoding a chimeric toxin 
having pesticidal activity, and having the nucleotide sequence of Table 4, or an equivalent sequence 
coding for a toxin, denoted EW3, having the amino-acid sequence of Table 4A. 

55 14. A DNA recombination process, wherein the product is DNA encoding a chimeric toxin according to 
claim 8 or claim 9. 

15. Use of DNA as defined in any of claims 10 to 14, for the preparation of a recombinant DNA transfer 
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vector. 

16. Pesticide-containing substantially intact cells having prolonged pesticidal activity when applied to the 
environment of a target pest, wherein the pesticide is a chimeric toxin as defined in any of claims 1 to 

5 9, is intracellular and is produced as a result of expression of a heterologous gene encoding the toxin in 
the cell. 

17. Cells according to claim 16, which have been killed under protease-deactivating or cell wall-strengthen- 
ing conditions, while retaining pesticidal activity. 

10 

18. Cells according to claim 16 or claim 17, which are prokaroytes selected from Enterobacteriaceae, 
Bacillacea e, Rhizobiaceae , Spirillaceae , Lactobacillaceae , Pseudomonadaceae , Azotobacteraceae and 
Nitrobacteraceae; or lower eukaryotes selected from Phycomycetes, Ascomycetes and Basidiomycetes. 



75 19. Cells according to claim 18, wherein the prokaryote is a Bacillus species selected from the pesticide- 
producing strains of Bacillus thuringiensis M-7, var. kurstaki, var. finitimus, var. alesti, var. sotto, var. 
dendrolimus , var. kenvae , var. galleriae , var. canadensis, var. entomocidus, var. subtoxicus, var. aizawai, 
var. morrisoni, var. ostriniae, var. torworthi, var. darmstadiensis, var. toumanoffi, var. kyushuensis, var. 
thompsoni, var. Pakistani, var. israelensis, var. indiana, var. dakota, var. tohokuensis, var. kumanotoen- 

20 sis, var. tochigiensis . var. colmeri , var. wuhanesis, var. tenebrionis and var. thuringiensis. B. cereus, B. 
moritai , B. nopilliae7 B. lentimorbus and B. sphaericus. 

20. Cells according to claim 16 or claim 17, which are of a Pseudomonad, and the toxin is derived from a 
B. thuringiensis. 

25 

21. Cells according to claim 16 or claim 17, wherein the gene is as specifically or functionally defined in 
any of claims 10 to 14. 

22. A method of protecting plants against pests, which comprises applying to the plants cells according to 
30 any of claims 16 to 21. 

23. A prokaryotic or lower eukaryotic microorganism into which a DNA transfer vector according to claim 1 5 
has been transformed, or transferred and replicated. 

35 Revendications 

Revendications pour les Etats contra eta nts suivants : BE, CH, DE, FR, GB, GR, IT, NL, SE 

1. Une toxine chimerique qui comprend la region variable de deux ou plus de deux genes de toxines de 
Bacillus tels que la toxine chimerique a un champ d'insectes notes elargi et/ou amplifie en comparat- 

40 son avec les toxines des parents. 

2. Une toxine selon la revendication 1 , dans laquelle les genes sont de Bacillus thuringiensis. 



3. Une toxine selon la revendication 2, qui comprend les regions variables de HD-1 de Bacillus 
45 thuringiensis var. kurstaki et de HD-73 de Bacillus thuringiensis var. kurstaki. 



4. Une toxine chimerique, designee par EW3, ayant une activite pesticide, et ayant la sequence d'acides 
amines du Tableau 1A, ou une muteine de celle-ci qui a une structure secondaire de la proteine 
inchangee. 

50 

5. Une toxine chimerique, designee par EW4, ayant une activite pesticide, et ayant la sequence d'acides 
amines du Tableau 2A t ou une muteine de celle-ci qui a une structure secondaire de la proteine 
inchangee. 

55 6. Une toxine chimerique, designee par ACB-1 , ayant une activite pesticide, et ayant la sequence d'acides 
amines du Tableau 3A, ou une muteine de celle-ci qui a une structure secondaire de la proteine 
inchangee. 
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7. Une toxine chimerique, designee par SYW1, ayant une activite pesticide, et ayant la sequence d'acides 
amines du Tableau 4A, ou une murine de celle-ci qui a une structure secondaire de la proline 
inchangee, 

5 8* Une toxine chimerique, ayant la sequence d'acides amines de la toxine EW3 comme il est montre dans 
le Tableau 1A, mais avec les changements qui peuvent etre montres schematiquement comme suit: 



H 2 N - X - Y - COOH 
411 425 

ou X et Y sont choisis independamment parmi les 20 acides amines communs, a condition que X ne 
soit pas Asp lorsque Y est Gly. 

75 

9. Une toxine chimerique, ayant la sequence d'acides amines de la toxine EW3 comme il est montre* dans 
le Tableau 1A, mais avec les changements qui peuvent etre montres schematiquement comme suit: 



H 2 N - X - Y - Z - COOH 
289 311 313 



25 ou X, Y, et Z sont choisis independamment parmi les 20 acides amines communs, a condition que X 
ne soit pas Arg lorsque Y est Arg et Z est Tyr. 

10. ADN, d§sign6 par pEW3, codant pour une toxine chimerique ayant une activity pesticide, et ayant la 
sequence de nucleotides du Tableau 1 , ou une sequence equivalente codant pour une toxine designee 

30 par EW3, ayant la sequence d'acides amines du Tableau 1 A. 

11. ADN, d£signe par pEW4, codant une toxine chimerique ayant une activite pesticide, et ayant la 
sequence de nucleotides du Tableau 2, ou une sequence equivalente codant pour une toxine, designee 
par EW3, ayant la sequence d'acides amines du Tableau 2A. 

35 

12. ADN, designe par pACB-1, codant une toxine chimerique ayant une activite pesticide, et ayant la 
sequence de nucleotides du Tableau 3, ou une sequence equivalente codant pour une toxine, designee 
par EW3, ayant la sequence d'acides amines du Tableau 3A. 

40 1a ADN, d6sign6 par pSYW1, codant une toxine chimerique ayant une activite* pesticide, et ayant la 
sequence de nucleotides du Tableau 4, ou une sequence equivalente codant pour une toxine designee 
par EW3, ayant la sequence d'acides amines du Tableau 4A. 

14. ADN codant une toxine chimerique selon la revendication 8 ou la revendication 9. 

45 

15. Un vecteur de transfert d f ADN recombinant comprenant un ADN selon Tune quelconque des revendica- 
tions 10 a 14. 

16. Cellules en grande partie intactes contenant un pesticide ayant une activite pesticide prolongee 
so lorsqu'appliquee h Tenvironnement d'un parasite cible, dans lesquelles le pesticide est une toxine 

chimerique selon Tune quelconque des revendications 1 a 9, est intracellular et est produite comme 
un resultat de I'expression d'un gene heterologue codant la toxine dans la cellule. 

17. Cellules selon la revendication 16, qui ont ete tuees par une protease deactivate ou des conditions 
55 renforgant la paroi cellulaire, tandis que Tactivite pesticide est conservee. 

18. Cellules selon la revendication 16 ou la revendication 17, qui sont des procaryotes choisies parmi les 
Enterobacteriacees, les Bacillacees, les Rhizobiacees, les Spirillacees. les Lactobacillacees, les Pseu- 
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domonadacees, les Azotobacteriacees et les Nitrobacteriacees; ou des eucaryotes inferieurs choisies 
parmi les Phycomycetes, les Ascomyc§tes et les Basidiomycetes. 

19. Cellules selon la revendication 18, ou le procaryote est une espece de Bacillus choisie parmi les 
s souches productrices de pesticide de Bacillus thuringiensis M-7, var. kurstaki, yar. finitimus, var. alesti, 
var. sotto, var. dendrolimus, var. kenyae, var. galleriae, var. canadensis, var. entomocidus, var. 
subtoxicus, var. aizawai, var. morrisoni, var. ostriniae, var. tolworthi, var. darmstadiensis, var. toumanoffl, 
var. kyushuensis, var. thompsoni, var. Pakistani, var. israelensis, var. Indiana, var. dakota, var. tohokuen- 
sis, var. kumatoensis, var. tochigiensis, var. colmeri, var. wuhanesis, var. tenebrionis et var. thuringien- 
w sis, B.cereus, B. moritai, B. nopilliae, B. lenti morbus et B. sphaericus. 



20. Cellules selon la revendication 16 ou la revendication 17, qui sont de Pseudomonas, et la toxins est 
derivee d'un B. thuringiensis. 



75 21. Cellules selon la revendication 16 ou la revendication 17, dans lesquelles le gene est defini specifique- 
ment ou fonctionnellement selon Tune queiconque des revendications 10 a 14. 

22. Une methode pour proteger les plantes contre les parasites, qui consiste & appliquer.aux plantes des 
cellules selon Tune queiconque des revendications 16 Ik 21. 

20 

23. Un microorganisme procaryote ou eucaryote infeVieur dans lequel un vecteur de transfert d'ADN selon 
la revendication 15 a ete transfonme , ou transfere et replique. 

24. Un microorganisme choisi parmi E. coli (pEW3) et E. coli (pEW4) tels que disponibles h parti r des 
25 depots NRRL respectifs B-18034~et~B^18035; E. coH "(pACB-1); et E. coli (pSYW1); dans lesquels 

pACB-1 a la constuction du plasmide pEW3 excepte que I'ADN codant I'acide as parti que a la position 
411 est change* pour coder Tasparagine, et pSYW1 a !a construction du plasmide pEW3 excepte* que 
I'ADN codant Tasparagine St la position 289 est change* pour coder la glycine. 

30 25. Un procede pour modifier le champ des notes des toxines de Bacillus, qui comprend la recombinaison 
in vitro de la region variable de deux ou plus de deux genes de toxines de Bacillus, telle que la toxine 
chimerique resultante a un champ d'insectes notes Slargi et/ou amplify en comparaison avec les 
toxines des parents. 

35 26. Un procede selon la revendication 25, ou la toxine chimerique qui est obtenue est une toxine selon 
Tune queiconque des revendications 2 a 9. 

Revendications pour I'Etat contra eta nt suivant : ES 

40 1. Un procSde' pour modifier le champ des notes des toxines de Bacillus, qui comprend de recombiner in 
vitro la region variable de deux ou plus de deux genes de toxines de Bacillus de sorte que la toxine 
chimerique resultante a un champ d'insectes notes elargi et/ou amplifie, lorsqu'il est compare aux 
toxines des parents. 

45 2. Un proc6d6 selon la revendication 1, dans laquelle les genes sont de Bacillus thuringiensis. 



3. Un procede selon la revendication 2, dans lequel les regions variables sont celles de HD-1 de Bacillus 
thuringiensis var. kurstaki et de HD-73 de Bacillus thuringiensis var. kurstaki. 



50 4. Un procede selon la revendication 1, dans lequel le produit est une toxine chimerique, designee par 
EW3, ayant une activite pesticide, et ayant la sequence d'acides amines du Tableau 1A, ou une 
muteine de celle-ci qui a une structure secondare de la proteine inchangee. 

5. Un procede selon la revendication 1, dans lequel le produit est une toxine chimerique, designee par 
55 EW4, ayant une activite pesticide, et ayant la sequence d'acides amines du Tableau 2A, ou une 

muteine de celle-ci, qui a une structure secondaire de la proteine inchangee. 

6. Un procede selon la revendication 1, dans lequel le produit est une toxine chimerique, designee par 
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ACB-1, ayant une activite pesticide, et ayant la sequence d'acides amines du Tableau 3A, ou une 
murine de celle-ci qui a une structure secondaire de la proteine inchangee. 

7. Un procede selon la revendication 1, dans lequel le produit est une toxine chimerique, designee par 
5 SYW1, ayant une activite pesticide, et ayant la sequence d'acides amines du Tableau 4A, ou une 
muteine de celle-ci qui a une structure secondaire de la proteine inchangee. 

a Un procede selon la revendication 1, dans lequel le produit est une toxine chimerique, ayant la 
sequence d'acides amines de la toxine EW3 comme il est montre dans le Tableau 1A, mais avec les 
10 changements qui peuvent etre months schematiquement comme suit 



H 2 N - X - Y - COOH 
15 411 425 

ou X et Y sont choisis independamment parmi les 20 acides amines communs, a condition que X ne 
soit pas Asp torsque Y est Gly. 

20 

9. Un procede selon la revendication 1, dans lequel le produit est une toxine chimerique, ayant la 
sequence d'acides amines de la toxine EW3 comme il est montre dans le Tableau 1A, mais avec les 
changements qui peuvent etre montres schematiquement comme suit: 

25 

H 2 N - X - Y - Z - COOH 
289 311 313 

30 

ou X, Y, et Z sont choisis independamment parmi les 20 acides amines communs, It condition que X 
ne soit pas Arg lorsque Y est Arg et Z est Tyr 

10. Un procede de recombinaison d'ADN, dans lequel le produit est de I'ADN, designe par pEW3, codant 
35 pour une toxine chimerique ayant une activite pesticide, et ayant la sequence de nucleotides du 

Tableau 1, ou une sequence equivalente codant pour une toxine designee par EW3, ayant la sequence 
d'acides amines du Tableau 1 A. 

11. Un procede de recombinaison d'ADN, dans lequel le produit est de I'ADN, designe par pEW4, codant 
40 une toxine chimerique ayant une activite* pesticide, et ayant la sequence de nucleotides du Tableau 2, 

ou une sequence equivalente codant pour une toxine, designee par EW3, ayant la sequence d'acides 
amines du Tableau 2A. 

12. Un procede de recombinaison d'ADN, dans lequel le produit est I'ADN, designe par pACB-1, codant 
45 une toxine chimerique ayant une activity pesticide, et ayant la sequence de nucleotides du Tableau 3, 

ou une sequence equivalente codant pour une toxine, designee par EW3, ayant la sequence d'acides 
amines du Tableau 3A. 

13. Un procede de recombinaison d'ADN, dans lequel le produit est I'ADN, designe par pSYWl, codant 
so une toxine chimerique ayant une activite pesticide, et ayant la sequence de nucleotides du Tableau 4, 

ou une sequence equivalente codant pour une toxine designee par EW3, ayant la sequence d'acides 
amines du Tableau 4A. 

14. Un procede de recombinaison d'ADN, dans lequel le produit est I'ADN codant une toxine chimerique 
55 selon la revendication 8 ou la revendication 9. 

15. Utilisation d'ADN comme il est defini dans Tune quelconque des revendications 10 a 14, pour la 
preparation d' un vecteur de transfert d'ADN recombinant. 
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16. Cellules en grande partie intactes contenant un pesticide ayant une activrte pesticide prolongee 
lorsqu'appliquee a I'environnement d'un parasite cible, dans lesquelles le pesticide est une toxine 
chimerique selon Tune queiconque des revendications 1 a 9, est intracellulaire et est produite comme 
un resultat de ('expression d'un gene heterologue codant la toxine dans la cellule. 

5 

17. Cellules selon la revendication 16, qui ont ete tuees par une protease deactivante ou des conditions 
re nf org ant la paroi cellulaire, tandis que Pactivite pesticide est conservee. 

1a Cellules selon la revendication 16 ou la revendication 17, qui sont des procaryotes choisies parmi les 
70 EntgrobacteriacSes , les Bacillac^es , les Rhizobiac6es , les SpirillacSes, les Lactobaciliac^es, les Pseu- 
domonadacdes , les Azotobact6riac£es et les Nitrobact6riac6es ; ou des eucaryotes interieurs choisies 
parmi les Phycomycfetes , les Ascomycfetes et les Basidlomycfctes. 

19. Cellules selon la revendication 18, ou le procaryote est une espece de Bacillus choisie parmi les 
75 souches productrices de pesticide de Bacillus thuringiensis M-7, var. kurstaki, var. finitimus, var. alesti, 
var. sotto, var. dendrolimus, var. kenyae, var. galleriae, var. canadensis, var. entomocidus, var. 
subtoxicus , var. aizawai , var. morrisoni , var. ostriniae, var. tolworthi, var. darmstadiensis, var. toumanoffi, 
var. kyushuensis , var; thompsoni , var. Pakistani , var. israelensis, var. indiana, var. dakota, var. tohokuen- 
sis, var. kumatoensis , var. tochigiensis , var. colmeri , var. wuhanesis, var. tenebrionis et var. thuringien- 
20 sis. B.cereus, B. moritai, B. popilliae, B. lentimorbus et B. sphaericus. 



20. Cellules selon la revendication 16 ou la revendication 17, qui sont de Pseudomonas, et la toxine est 
derivee d'un B. thuringiensis. 



25 21. Cellules selon la revendication 16 ou la revendication 17, dans lesquelles le gene est defini specif ique- 
ment ou fonctionnetlement selon Tune queiconque des revendications 10 a 14. 

22. Une m§thode pour protgger les plantes contre les parasites, qui consiste a appliquer aux plantes des 
cellules selon Tune queiconque des revendications 16 a 21. 

30 

23. Un microorganisme procaryote ou eucaryote infgrieur dans lequei un vecteur de transfert d'ADN selon 
la revendication 15 a ete transforme, ou Iransf^re el replique. 

Patentansp ruche 

35 Patentanspruche fur folgende Vertragsstaaten : BE, CH, DE, FR, 6B, GR, IT, NL, SE 

1. Chimares Toxin, das die variable Region von zwei oder mehr Bacillus-Toxin-Genen umfaBt, so daB das 
chimare Toxin im Vergleich zu den Stammtoxinen etnen erweiterten und/oder verstarkten Insekten- 
Wirtsbereich aufweist. 

40 

2. Toxin nach Anspruch 1, worin die Gene Bacillus thuringiensis-Gene sind. 

3. Toxin nach Anspruch 2, welches die variablen Regionen von Bacillus thuringiensis var. kurstaki HD-1 
und Bacillus thuringiensis var. kurstaki HD-73 umfatft. 

45 

4. Chimares Toxin mit der Bezeichnung EW3, das Pestizid-Aktivitat besitzt und die Aminosauresequenz 
von Tabelle 1A aufweist oder ein Mutein davon, das eine unveranderte Protein-Sekundarstruktur 
aufweist. 

so 5. Chimares Toxin mit der Bezeichnung EW4, das Pestizid-Aktivitat besitzt und die Aminosauresequenz 
von Tabelle 2A aufweist oder ein Mutein davon, das eine unveranderte Protein-Sekundarstruktur 
aufweist 

6. Chimares Toxin mit der Bezeichnung ACB-1, das Pestizid-Aktivitat besitzl und die Aminosauresequenz 
55 von Tabelle 3A aufweist oder ein Mutein davon, das eine unveranderte Protein-Sekundarstruktur 

aufweist. 

7. Chimares Toxin mit der Bezeichnung SYW1 , das Pestizid-Aktivitat besitzt und die Aminosauresequenz 
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von Tabelle 4A aufweist Oder ein Mutein davon, das eine unveranderte Protein-Sekundarstruktur 
aufweist. 

& Chimares Toxin, das die in Tabelle 1A gezeigte Aminosauresequenz des Toxins EW3 aufweist, aber 
5 mit Anderungen, die schematisch wie folgt angegeben werden konnen: 

H 2 N - X - Y - COOH 
10 411 425 

worin X und Y unabhangig aus den 20 ublichen Aminosauren ausgewahlt sind, mit der Ma/igabe, daB X 
nicht Asp ist, wenn Y Gly bedeutet. 

75 

9. Chimares Toxin, das die in Tabelle 1A gezeigte Aminosauresequenz des Toxins EW3 aufweist, aber 
mit Anderungen, die schematisch wie folgt angegeben werden konnen: 

20 H 2 N - X - Y - Z - COOH 

289 311 313 

worin X, Y und Z unabhangig aus den 20 ublichen Aminosauren ausgewahlt sind, mit der Ma£gabe, 
25 daB X nicht Arg ist, wenn Y Arg bedeutet und Z Tyr ist. 

10. DNA mit der Bezeichnung pEW3, welche fur ein chirnSres Toxin mit Pestizid-AktivitSt kodiert und die 
Nukleotidsequenz von Tabelle 1 aufweist Oder eine Squivalente Sequenz, die fur ein Toxin mit der 
Bezeichnung EW3 kodiert, das die Aminosauresequenz von Tabelle 1A besitzt. 

30 

11. DNA mit der Bezeichnung pEW4, welche fur ein chimares Toxin mit Pestizid-Aktivitat kodiert und die 
Nukleotidsequenz von Tabelle 2 aufweist, oder eine aquivalente Sequenz, die fur ein Toxin mit der 
Bezeichnung EW3 kodiert, das die Aminosauresequenz von Tabelle 2A besitzt. 

35 12. DNA mit der Bezeichnung pACB-1, welche fur ein chimares Toxin mit Pestizid-Aktivitat kodiert und die 
Nukleotidsequenz von Tabelle 3 aufweist, Oder eine aquivalente Sequenz, die fur ein Toxin mit der 
Bezeichnung EW3 kodiert, das die Aminosauresequenz von Tabelle 3A besitzt. 

13. DNA mit der Bezeichnung pSYW1, welche fur ein chimares Toxin mit Pestizid-Aktivitat kodiert und die 
40 Nukleotidsequenz von Tabelle 4 aufweist, oder eine aquivalente Sequenz, die fOr ein Toxin mit der 

Bezeichnung EW3 kodiert, das die Aminosauresequenz von Tabelle 4A besitzt. 

14. DNA, die fur ein chimares Toxin nach Anspruch 8 oder 9 kodiert. 

45 15. Rekombinanter DNA-Obertragungsvektor, umfassend DNA nach irgendeinem der Anspruche 10 bis 14. 

16. Pestizid-enthartende, im wesentlichen intakte Zellen, welche erne verlangerte Pestizid-Aktivitat aufwei- 
sen, wenn sie in der Umgebung eines Zielschadlings ausgesetzt werden. wobei das Pestizid ein 
chimares Toxin nach irgendeinem der Anspruche 1 bis 9 ist, intrazellular ist und als Ergebnis der 

so Expression eines heterologen, fUr das Toxin kodierenden Gens in der Zelle erzeugt wird. 

17. Zellen nach Anspruch 16, welche unter Proteasedeaktivierenden oder Zelrwand-verstarkenden Bedin- 
gungen abgetotet worden sind, wobei die Pestizid-Aktivitat erhalten bleibt. 

55 18. Zellen nach Anspruch 16 oder 17, die aus Enterobacteriaceae, Bacillaceae, Rhizobiaceae, Spirillaceae, 
Lactobacillaceae, Pseudomonadaceae, Azotobacteraceae und Nitrobacteraceae ausgewahlte Prokaryo- 
ten sind; oder niedere Eukaryoten, die aus Phycomycetes, Ascomycetes und Basidiomycetes ausge- 
wahlt sind. 
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19. Zellen nach Anspruch 18, worin der Prokaryot eine Bacillus-Spezies ist. die aus den Pestiziderzeugen- 
den Stammen von Bacillus thuringiensis M-7, var. kurstaki, var. finitimus, var. alesti, var. sotto, var. 
dendrolimus, var. kenyae, var. galleriae, var. canadensis, var. entomocidus, var. subtoxicus, var. 
aizawai, var. morrisoni, var. ostriniae, var. tolworthi, var. darmstadiensis, var. toumanoffi, var. kyushuen- 
5 sis, var. thompsoni, var, Pakistani, var. israelensis, var. indiana, var. dakota, var. tohokuensis, var. 
kumanotoensis, var. tochigiensis, var. colmeri, var. wuhanesis, var. tenebrionis und var. thuringiensis, B. 
cereus, B. moritai, B. popilliae, B. lentimorbus und B. sphaericus ausgewahlt ist. 



20. Zellen nach Anspruch 16 Oder 17, die Pseudomonas-Zellen sind, und worin das Toxin von B. 
w thuringiensis stammt. ~~ 



21. Zellen nach Anspruch 16 Oder 17, worin das Gen ein nach irgendeinem der Ansprtlche 10 bis 14 
spezifisch oder funktionell definiertes Gen ist. 

is 22. Verfahren zum Schutz von Pflanzen gegen Schadlinge, welches das Aufbringen von Zellen nach 
irgendeinem der AnsprOche 16 bis 21 auf die Pflanzen umfaflt. 

23. Prokaryotischer oder niederer eukaryotischer Mikroorganismus, in den ein DNA-Ubertragungsvektor 
nach Anspruch 15 transformiert oder ubertragen und repliziert wurde. 

20 

24. Mikroorganismus, der ausgewShlt ist aus E. coli (pEW3) und E. coli (pEW4), die durch die NRRL- 
Hinterlegungen B-18034 und B-18035 erhSitlicTTsind; E. coli (pACBI); und E. coli (pSYW1); wobei 
pACB-1 die Konstruktion des Plasmids pEW3 aufweist, mit der Ausnahme, da£ die fur Asparaginsaure 
in Position 41 1 kodierende DNA so umgewandelt wurde, daU sie fiir Asparagin kodiert, und pSWY1 die 

25 Konstruktion des Plasmids pEW3 aufweist, mit der Ausnahrne, da/3 die fur Arginin in Position 289 
kodierende DNA so umgewandelt wurde, daJ3 sie fiir Glycin kodiert. 

25. Verfahren zur VerSnderung des Wirtsbereichs von Bacillus-Toxinen, umfassend das Rekombinieren der 
variablen Region von zwei oder mehr Bacillus-Toxin-Genen in vitro, so daB das resultierende chimare 

30 Toxin irn Vergleich zu den Stammtoxinen einen erweiterten und/oder verstarkten Insekten-Wirtsbereich 
aufweist. 

26. Verfahren nach Anspruch 25, worin das erhaltene chimare Toxin ein Toxin nach irgendeinem der 
Anspruche 2 bis 9 ist. 

35 

Patentanspruche fur folgenden Vertragsstaat : ES 

1. Verfahren zur Anderung des Wirtsbereichs von Bacillus-Toxin, welches das Rekombinieren der variab- 
len Regionen von zwei oder mehr Bacillus -Toxin-Genen in vitro umfaflt, so daB, das resultierende 

40 chimSre Toxin im Vergleich zu den Stammtoxinen einen "erweiterten und/oder verstarkten Insekten- 
Wirtsbereich aufweist. 

2. Verfahren nach Anspruch 1, worin die Gene Bacillus thuringiensis-Gene sind. 



45 3. Verfahren nach Anspruch 2, worin die variablen Regionen von Baciilus thuringiensis var. kurstaki HD-1 
und Bacillus thuringiensis var. kurstaki HD-73 stammen. 



4. Verfahren nach Anspruch 1, worin das Produkt ein chimares Toxin mit der Bezeichnung EW3 ist, das 
Pestizid-Aktivitat besitzt und die Aminosauresequenz von Tabelle 1A aufweist Oder ein Mutein davon, 

so das eine unveranderte Protein-Sekundarstruktur aufweist. 

5. Verfahren nach Anspruch 1, worin das Produkt ein chimares Toxin mit der Bezeichnung EW4 ist, das 
Pestizid-Aktivitat besitzt und die Aminosauresequenz von Tabelle 2A aufweist oder ein Mutein davon, 
das eine unveranderte Protein-Sekundarstruktur aufweist. 

55 

6. Verfahren nach Anspruch 1, worin das Produkt ein chimares Toxin mit der Bezeichnung ACB-1 ist, das 
Pestizid-Aktivitat besitzt und die Aminosauresequenz von Tabelle 3A aufweist oder ein Mutein davon, 
das eine unveranderte Protein-Sekundarstruktur aufweist. 
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7. Verfahren nach Anspruch 1, worin das Produkt ein chimares Toxin mit der Bezeichnung SYW1 ist das 
Pestizid-Aktivitat besitzt und die Aminosauresequenz von Tabelle 4A aufweist Oder ein Mutein davon, 
das eine unveranderte Protein-Sekundarstruktur aufweist. 

5 & Verfahren nach Anspruch 1, worin das Produkt ein chimares Toxin mit der in Tabelle 1A gezeigten 
Aminosauresequenz des Toxins EW3 ist, aber mit Anderungen, die sch8matisch wie folgt angegeben 
werden konnen: 

70 H 2 N - X - Y - COOH 

411 425 

75 worin X und Y unabhangig aus den 20 Ublichen Aminosauren ausgewahlt sind, mit der Maflgabe, dafi X 
nicht Asp ist, wenn Y Gly bedeutet. 

9. Verfahren nach Anspruch 1, worin das Produkt ein chimares Toxin mit der in Tabelle 1A gezeigten 
Aminosauresequenz des Toxins EW3 ist, aber mit Veranderungen, die schematisch wie folgt angege- 

20 ben werden konnen: 

H 2 N - X - Y - Z - COOH 
25 289 311 313 

worin X, Y und Z unabhSngig aus den 20 Ublichen AminosSuren ausgewahlt sind, mit der MaBgabe, 
daB X nicht Arg ist, wenn Y Arg bedeutet und Z Tyr ist. 

30 

10. Verfahren zur DNA-Rekombination, worin das Produkt DNA mit der Bezeichnung pEW3 ist, die fQr ein 
chimares Toxin mit Pestizid-Aktivitat kodiert und die Nukleotidsequenz von Tabelle 1 aufweist, oder 
eine aquivalente Sequenz, welche fur ein Toxin mit der Bezeichnung EW3 kodiert, das die Aminosaure- 
sequenz von Tabelle 1A besitzt. 

35 

11. Verfahren zur DNA-Rekombination, worin das Produkt DNA mit der Bezeichnung pEW4 ist, die fur ein 
chimares Toxin mit Pestizid-Aktivitat kodiert und die Nukleotidsequenz von Tabelle 2 aufweist, oder 
eine aquivalente Sequenz, welche fur ein Toxin mit der Bezeichnung EW3 kodiert, das die Aminosaure- 
sequenz von Tabelle 2A besitzt. 

40 

12. Verfahren zur DNA-Rekombination, worin das Produkt DNA mit der Bezeichnung pACB-1 ist, die fur ein 
chimares Toxin mit Pestizid-Aktivitat kodiert und die Nukleotidsequenz von Tabelle 3 aufweist, oder 
eine aquivalente Sequenz, welche fur ein Toxin mit der Bezeichnung EW3 kodiert, das die Aminosaure- 
sequenz von Tabelle 3A besitzt. 

45 

13. Verfahren zur DNA-Rekombination, worin das Produkt DNA mit der Bezeichnung pSYWI ist, die fOr ein 
chimares Toxin mit Pestizid-Aktivitat kodiert und die Nukleotidsequenz von Tabelle 4 aufweist, oder 
eine aquivalente Sequenz, welche fur ein Toxin mit der Bezeichnung EW3 kodiert, das die Aminosaure- 
sequenz von Tabelle 4A besitzt. 

50 

14. Verfahren zur DNA-Rekornbi nation, worin das Produkt DNA ist, die fur ein chimares Toxin nach 
Anspruch 8 oder 9 kodiert. 

15. Verwendung von DNA nach irgendeinem der Anspruche 10 bis 14 zur Herstellung eines rekombinanten 
55 DNA-Ubertragungsvektors. 

16. Pestizid-enthaftende, im wesentlichen intakte Zellen, welche eine verlangerte Pestizid-Aktivitat aufwei- 
sen, wenn sie in der Umgebung eines Zielschadlings ausgesetzt werden. wobei das Pestizid ein 
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chimares Toxin nach irgendeinem der AnsprUche 1 bis 9 ist. intrazellular ist und als Ergebnis der 
Expression eines heterologen, fUr das Toxin kodierenden Gens in der Zelle erzeugt wird. 

17. Zellen nach Anspruch 16, welche unter Proteasedeaktivierenden oder Zellwand-verstarkenden Bedin- 
gungen abgetdtet worden sind, wobei die Pestizid-Aktivitat erhalten bleibt. 

18. Zellen nach Anspruch 16 Oder 17, die aus Enterobacteriaceae, Bacitlaceae, Rhizobiaceae, Spirillaceae, 
Lactobacillaceae, Pseudomonadaceae , Azotobacteraceae und Nitrobacteraceae ausgewahlte Prokaryo- 
ten sind; Oder niedere Eukaryoten, die aus Phycomycetes, Ascomycetes und Basidiomycetes ausge- 
w3hlt sind. T 

19. Zellen nach Anspruch 18, worin der Prokaryot eine Bacillus -Spezies ist, die aus den Pestbiderzeugen- 
den Stammen von Bacillus thuringiensis M-7, var. kurstaki, var. finitimus, var. alesti, var. sotto, var. 
dendrolimus , var. kenyae , var. galleriae, var. canadensis, var. entomocidus, var. subtoxicus, var. 
aizawai, var. morrisoni, var. ostriniae, var. tolworthi, var. darmstadiensis, var. toumanoffi, var. kyushuen- 
sis, var. thompsoni, var, Pakistani, var. israelensis, var. indiana, var. dakota, var. tohokuensis, var. 
kumanotoensis , var. tochigiensis , var. colmeri , var. wuhanesis , var. tenebrionis und var. thuringiensis, B. 
cereus, B. moritai, B. popilliaeT B. lentimorbus und B. sphaericus ausgewahlt ist. 

20. Zellen nach Ansrxuch 16 oder 17, die Pseudomonas-Zellen sind, und worin das Toxin von B. 
thuringiensis stammt — 

21. Zellen nach Anspruch 16 oder 17, worin das Gen ein nach irgendeinem der AnsprUche 10 bis 14 
spezifisch oder funktionell definiertes Gen ist. 

22. Verfahren zum Schutz von Pflanzen gegen Schadlinge, welches das Aufbringen von Zellen nach 
irgendeinem der AnsprUche 16 bis 21 auf die Pflanzen umfa0t. 

23. Prokaryotischer oder niederer eukaryotischer Mikroorganismus, in den ein DNA-Ubertragungsvektor 
nach Anspruch 1 5 transformiert oder Ubertragen und repltziert wurde. 
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